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e The 38-inch reflector of the J. I. Holcomb 

Observatory at Butler University provides 
potentially the opportunity for utilization of a vari- 
ety of accessories. The f/4 38-inch primary is large 
enough to have adequate light-gathering power and 
yet is of a size that can be conveniently mounted 
and easily manipulated. The Cassegrain optical 
system places the eyepiece near the center of motion, 
and the easily installed plate holder is a flexible 
accessory. The rugged and well balanced mounting 
is ideally suited to the addition of photometer, 
spectrograph, or other attachments. The 6-inch re- 
fracting guide telescope of long focus gives easy 
and accurate assistance in use of the instrument. 
Installation of a Newtonian diagonal and eyepiece 
or plate holder could be accomplished with a min- 
imum of difficulty. The telescope has performed 
well for both public nights and class a) 


tion over the past six years. 


This 38” Reflector Telescope was designed and 
built by J. W. Fecker for the J. 1. Holcomb Ob- 
servatory at Butler University. It is used for: 
student instruction, photography and visual use. 
ACCESSORIES: 3” aperture wide-angle finder 
telescope, 6” aperture guide telescope, zenith 
eyepiece adapter. 

FEATURES: fork mounting, sidereal drive, side- 
real, hour and declination circles, solenoid clamp- 
ing and motor driven slow motions in right as- 
cension and declination. 


For more information about this scope or other 
telescopes to meet your specific needs, write 


j- we. fecker 


Division of American Optical Co. 
6592 Hamilton Ave., Pittsburgh 6, Pa. 
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Testing Gravity’s 
Effect on Radiation 


NE basic assumption of general rela- 
tivity theory is Einstein’s principle of 
equivalence, which states that no detect- 
able difference exists between gravity and 
the effect produced by acceleration of a 
body outside a gravitational field. 

If this is true, light rays escaping from 
a star would lose some energy to its gravi- 
tational field, with a consequent lowering 
of the frequency of the radiation. Thus, 
all lines in the sun’s spectrum should be 
slightly shifted to longer wave lengths, 
but this small effect has never been cer- 
tainly observed. It would be much larger 
in the strong gravitational field at the 
surface of a white dwarf star, such as the 
companion of Sirius, but the observations 
are difficult and some astronomers regard 
them as inconclusive. Hence, there has 
been a long-felt need for a laboratory 
proof of the gravitational red shift. 

This has now been supplied at Harvard 
University by R. V. Pound and G. A. 
Rebka, Jr., and in England by less pre- 
cise experiments at the British Atomic 
Energy Establishment. The test consisted 
of a demonstration that gamma rays mov- 
ing upward against terrestrial gravity had 
decreased frequency, while gravity in- 
creased it for downward motion. 

As certain radioactive nuclei decay, they 
emit gamma rays of a sharply defined fre- 
quency, and energy of this frequency can 
be absorbed by the element that is the 
end product of the decay. The Harvard 
physicists used radioactive cobalt-57 at one 
end of a 70-foot tower and its decay prod- 
uct, iron-57, at the other end. 

To measure the frequency change, the 
cobalt source and iron target were given 
a slow relative motion, producing a 
Doppler shift in the frequency of the 
gamma rays. This motion was varied 
until peak absorption occurred, as indi- 
cated by a scintillation counter. 

The expected alteration in frequency, 
as a result of the equivalence principle, 
was about two parts in 10°. In the 
Harvard work, the measured change 
amounted to 105 per cent of the value 
predicted by Einstein, with an experi- 
mental uncertainty of 10 per cent. 

This high accuracy could be obtained 
only by special precautions. The 70-foot 
tower in the Jefferson Physical Labora- 
tory was filled with helium, at a closely 
controlled temperature. To obtain the 
maximum sharpness of nuclear resonance, 
the iron-57 and cobalt-57 samples were 
bound in metallic iron, thus eliminating 
recoil by the nuclei when they emitted or 
absorbed gamma rays. This precaution, 
upon which the success of the experiment 
depended, was based on the ideas of the 
German physicist L. R. Méssbauer (see 
Science, May 27, 1960, page 1588). 
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This is the first direct photograph taken when regular observations began with the 120-inch telescope, reproduced from 
a contact print of the original 5-by-7-inch plate. It shows the field of M32 (NGC 221), a companion galaxy to the famous 
Andromeda spiral, M31. N. U. Mayall began the seven-minute exposure at 5:08 Universal time November 28, 1959, 
! 5 : oie’ nena 
when the seeing was mediocre. Eastman 103a-O emulsion was used, without a filter. The plate scale at the prime focus 
of the large reflecting telescope is 13.5 seconds of arc per millimeter. North is at the top, east at the right. All celestial 
photographs with this article are courtesy Lick Observatory, University of California. 


ick 120-inch Photographs — | 


Morning sunlight gleams on the 120-inch reflector’s dome, viewed from the 
road to Mt. Hamilton’s Copernicus Peak, where a fire tower is located. A 
small part of the Santa Clara valley, immersed in fog, is at the far right. 





was blasted from the summit of Mt. 


em ia YEARS AGO the first rock 


Hamilton in California, as construc- 
tion began on the observatory for which 
James Lick had donated $700,000. — It 
was to have the world’s most power- 
ful telescope and to be as modern as 
possible in every respect. 

TPoday, with its original 12-inch and 
36-inch refractors, the famous 36-inch 
Crossley reflector, the 20-inch Carnegie 
astrographic camera, the 22-inch “Tauch- 
mann reflector, and its great 120-inch 
telescope, Lick Observatory is still one of 
the most up-to-date institutions in’ the 
world for optical observations of — the 
heavens. The front-cover photograph 
shows its appearance from the air — a 
famous astronomical community overlook- 
ing the Santa Clara valley above San 
Jose. The adjoining picture shows the 
120-inch dome, which is 96 feet in di 
ameter, weighs 260 tons, and rises nearly 





One of the early photographs with the giant reflector is of the spiral galaxy NGC 2403, located in the north circumpolar 


region of the sky, in Camelopardalis. Its 1960 position is right ascension 7" 33".0, declination +65° 42’, 


magnitude being 8.8. The exposure of 15 minutes was made by N. U. Mayall, beginning at 10:31 UT on November 29, 
1959, with fair seeing conditions. A GG-13 filter was used with Eastman 103a-O emulsion. The reproduction enlargement 
is 34 times. North is to the left, east toward the bottom. 


its photographic 
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Three photographs taken with the new 120-inch telescope. At upper left, the expanding shell around Nova Persei 1901 

is seen 58 years after its outburst, from a 30-minute exposure in red light (103a-E emulsion, RG-1 filter) at 5:33 UT on 

December 19, 1959, enlarged 7} times to 1.75 seconds of arc per millimeter. Above right is M77 (NGC 1068), a 9th- 

magnitude spiral in Cetus, enlarged 43 times from a 15-minute plate taken at 7:35 UT on November 29, 1959, 103a-O 

with GG-13 filter. Below is the striking galaxy NGC 2976, located near M81 in Ursa Major, a 20-minute exposure 
at 8:36 UT, December 29, 1959, on 103a-O without filter, enlarged nearly five times. 


100 feet above the surrounding ground 
level. 

Second in size only to the 200-inch 
telescope on Palomar Mountain, the 120- 
inch has already demonstrated its ability 
to probe the depths of space. During 
September and October of last year, ob- 
servations with a Lallemand electronic 
camera at its coude focus showed that the 
nucleus of M31, our giant neighbor 
galaxy in Andromeda, is rotating at the 
very rapid rate of once around in 520,000 
years (see page 8). 

Direct photography with the 120-inch 
began late in November, some of the pre- 
liminary pictures obtained being repro- 
duced on these pages. Although the 
atmospheric seeing was never really good 
during this “warm-up” period, the results 
indicate that the new instrument’s great 
resolution and light-gathering power will 
be fullv utilized over the years. 

(To be continued) 

FACING PICTURE: The Crab nebu- 

la, M1, in Taurus, originated from a 

supernova explosion in the year 1054 

and is a strong cosmic radio source. 

This 30-minute exposure in red light 

(RG-1 filter on 103a-E emulsion) brings 

out the filamentary structure that is 

superimposed on the amorphous body 
of the nebula. N. U. Mayall took the 
picture beginning at 8:50:40 UT on 

November 30, 1959. This enlargement 

is 8.8 times the plate scale of 13.5 

seconds per millimeter. North is at 

the left, east at the bottom. 
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DIAMETER OF A RED GIANT STAR 


When 
diameter is occulted by the moon, it is 


a star of appreciable angular 


possible to measure the time interval re 
quired for the moon's edge to cover the 
stellar disk, using a photoelectric cell and 
a high-speed recorder. For several vears 
observations of this kind have been made 
at the Royal Cape Observatory in South 
\frica with its 24-inch refractor. 

\s a part of this program, an occulta- 
tion of the 3rd-magnitude star Mu Gemi- 
norum was observed on February 21, 
1956; the results have been reported by 
D. S. Evans in a_recent 
Monthly Notices of the Astronomical So- 
Africa. ‘The dimming 
of the star as it went behind the moon's 


issue of the 
ciety of Southern 


limb was monitored by a photocell whose 
output was registered on a film moving 
31 millimeters per second. The duration 
of fading, combined with the known trav- 
cl rate of the moon, gave 0.023 second 
of are for the angular diameter of the 
stal the size of a dime as seen from 
about 100 miles. 

Since the distance of Mu Geminorum 
is about 160 light-years, its linear diame 
ter is approximately 120 times the sun’s, 
in good agreement with expectations for 
this red giant star of spectral type M3 IL]. 
Dr. Evans points out, however, that the 
agreement may be accidental, as the star’s 
distance is somewhat uncertain and the 
photometer tracing was not of the best 
quality. 


TEST FOR WATER AREAS ON MARS 
If there 


water surface suitably 


were an extended smooth 
located on the 
planet Mars, then a terrestrial observe1 
would see a bright specular reflection of 
the sun, a possibility discussed by H. 
Dennis Taylor in 1895. The observable 
effect would be a short-lived flash, oc- 
curring when the earth and sun were on 
opposite sides of the zenith and cquidis- 
tant from it, as seen from the hypo- 
thetical Martian water surface. 

Writing in the 1959 fall issue of Par- 
ticle, J. E. Westfall points out that four 
reports of flashes have been made in 
recent years by amateur observers of 
Mars: S. Mayeda (1937), T. Saheki (1951 
and 1954), and C. McClelland (1954). In 
each case, however, the location of the 
flash on the disk of Mars disagreed with 
the condition mentioned above, so re- 
flection from water was not the cause. 

Mr. Westfall, who was an undergradu- 
ate at the University of California in 
Berkeley when he wrote, has investigated 
in detail the geometry of Martian specular 
their predicted 
He emphasizes that flashes 


reflections, as well as 
brightnesses. 
could occur only in the planet’s tropical 
regions, in Martian latitudes less than 
about 24°. Under the most 
conditions, the reflection from a_ lake 


favorable 
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NEWS NOTES 


one-tenth of a square mile in area should 
just be detectable in an 8-inch telescope. 

The quarterly Particle, in which Mr. 
Westfall’s article appeared, is devoted to 
original contributions by college and high 
school science students. It is available 
at $1.20 per year or 50 cents for a single 
copy from its publisher, Dunbar Aitkens, 
2531 Ridge Rd., Berkeley 9, Calif. 


SOLAR HEATING 

Heating houses by sunlight is one of 
the major fields in solar-energy engineer- 
ing. Early experiments at the Massachu- 
setts Institute of ‘Technology showed that 
solar houses could be built, but the cost 
was much too high for the system to com- 
pete with conventional heating methods. 

\ comprehensive study of this problem 
by Edward Speyer has now been printed 
as a 25-page article in Solar Energy for 
December, 1959. He concludes that there 
is no general area in the United States 
where solar house heating is economically 
feasible today. For it to become competi- 
tive, one of four things must happen: 
“(a) Severe rationing of coal, fuel oil, and 
gas. (b) The cost of fuel for house heat- 
ing must go above approximately 50 cents 
a therm. (This is somewhat less than the 
cost of electric heat today; a therm is 
100,000 British thermal units.) (c) An 80 
per cent to 90 per cent reduction in the 
present cost of long-term energy storage of 
between 300 and 700 therms. (d) Develop- 
ment of methods of building and install- 
ing solar energy collectors of 50 per cent 
ethciency under average conditions for 
$1.50 per square foot. 

“From an economic point of view, the 
most favorable regions for solar house 
heating, fuel costs being assumed equal, 
are mountainous regions and high pla- 
teaus (the Appalachian highlands and the 
Southwest plains). These regions have 
cold winter temperatures (large fuel bills 
to be saved) and large amounts of winter 
sunshine (relatively small collector area 
required). The least favorable regions 
are the Pacific Northwest, the Mississippi 
Valley, and the Gulf Coast.” 


ASTRONOMY COURSE 
FOR TEACHERS 

A tuition-free astronomy course, de- 
signed especially for teachers and admin- 
istrators in elementary and junior high 
schools, will be given this fall by the 
American Museum-Hayden Planetarium, 
with National Science Foundation help. 

Beginning on September 28th, the class 
will meet for 15 consecutive weeks at 
4:30 p.m. on Wednesdays. Registration is 
limited to 30 persons, and applications 
are being accepted in the order in which 
they are received. Forms are available 
from Dr. Franklyn M. Branlev, American 
Museum-Havden Planetarium, New York 
24% 


IN THE CURRENT JOURNALS 

THE EXPLORATION OF THE MOON, 
by Robert Jastrow, Scientific American, 
May, 1960. “One of the primary objec- 
tives of the first-hand exploration of 
the moon will be to obtain evidence on 
its temperature history. Such evidence 
will help to settle uncertainties about 
the origin of the sun and planets, and 
indicate whether the solar system is a 
common or a rare phenomenon in the 
universe.” 

FHE ROTATION OF THE NUCLEUS 
OF M31, by A. Lallemand, M. Du- 
chesne, and Merle F. Walker, Publica- 
tions of the Astronomical Society of the 
Pacific, April, 1960. “It appears that 
the nucleus of M31 has about the same 
diameter as a giant globular cluster, 
but a mass about 100 times greater and 
a density and luminosity about 25 and 
20 times greater, respectively. It is ro- 
tating in a period of 5.2 x 10° years, or 
about one to two orders of magnitude 
faster than the rest of M31... . The 
reason for the rapid rotation of the 
nucleus is not at all clear, but specula- 
tion on the cause of the phenomenon 
is probably premature.” 


CANADIAN ASTRONOMER DIES 


Andrew McKellar, astronomer at the 
Dominion Astrophysical Observatory, Vic- 
toria, British Columbia, passed away on 
May 6th. He was internationally known 
for his observations of the spectra of 
comets and late-type stars. 

Dr. McKellar, who was born on Feb 
ruary 2, 1910, was educated at the Uni- 
versity of British Columbia and at the 
University of California, where he re- 
ceived his doctorate in physics in 1933. 
From 1933 to 1935, he was a National 
Research fellow at Massachusetts Insti- 
tute of Technology, and then he joined 
the Dominion Astrophysical staff. He 
will long be remembered for his appli- 
molecular spectroscopy to 
astrophysical problems. 


cations of 


INTERNATIONAL ACADEMY 
OF ASTRONAUTICS 

To provide world technical leadership 
for the peaceful exploration of space, and 
to serve as a Clearinghouse for astronauti- 
cal information, the International Acade- 
my of Astronautics has been founded, 
with the aid of a $75,000 grant from the 
Guggenheim Foundation in New York. 

The new group was organized by 
Theodore von Karman, California In- 
stitute of Technology, under the auspices 
of the International Astronautical Federa- 
tion. Its membership will be limited to 
a small number of leaders in the fields of 
physical science, biology, and engineering. 
The initial members include Lyman Spit- 
zer, Jr. (Princeton), J. A. Van Allen 
(State University of Iowa), and A. C. B. 
Lovell (Jodrell Bank). 
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Exploring the Solar System by Radar 


PAUL E. 


Sk the average person about explo 
ration of the solar system, and he 


will probably give you an image of 


GREEN, JR., 


eiant rockets firing complicated instru 
ments into space. Or perhaps he will re 
mind you of the richly detailed picture 
built up over the centuries from optical 
studies and added to during the last few 
vears by infrared and radio observations. 
It mav not occur to him, however, that 
radar techniques are beginning to play 
an important role, too. 

Radar is, in a sense, simply two-way 
radio. Some sort of signal is emitted by 
a directive antenna on the earth, travels 
to the object being studied, is reflected 
in many directions, and a tiny remnant 
of it eventually arrives back at the earth 
to be collected by the same antenna. 
Since we know exactly what the trans 
mitted signal is, we can compare the re 
turned echo with what was transmitted, 
so as to test something about the target 
body, perhaps something that would be 
difficult to isolate and study in any other 
Way. 

One of the simplest examples of such 
a test is the measurement of distance. If 
the experimenter knows the speed at 
which energy travels, he can determine 
the target’s distance just by measuring the 
clapsed time between transmission and 
reception a much more direct and 
usually more accurate method than the 
optical use of trigonometric parallax. 
(lime measurements to one part in a 
billion are common with today’s electronic 
equipment.) But, as we hope to show 
here, many more things than this have 
been done, and still more will assuredly 
be done in the next few vears. 

The first radars were not military de- 
vices at all, but instruments used to probe 
the structure of the ionosphere by vertical 
soundings. These date back to 1926, six 
vears before K. G. Jansky made his first 
radio astronomy discoveries. In this arti- 
cle we shall omit the fascinating story of 
radar studies of the ionosphere, of meteor 
trails and aurorae, and concentrate on 
extraterrestrial objects, such as the moon, 
planets. sun, and the tenuous contents 
of interplanetary space. 

Radar came dramatically to the atten- 
tion of astronomers in 1946, when war- 
developed equipment proved capable of 
bouncing an echo off the moon, 240,000 
miles away. For the next 12 years, the 
story of radar astronomy was that of 
moon echoes. Over that entire period, 
rapid improvements were being made in 
radar technology, vet these were still not 


Operated with support from the U. S. Army 


Navy. and Air Force 


sufficient to permit detection of the next 
most distant target, Venus. 

Phen, within a year of the March, 1959, 
announcement of successful contact with 
Venus, by a group under Robert Price at 
Lincoln Laboratory, there came the news 
that V. R. Eshleman’s team at Stanford 
University had detected solar echoes 
(February, 1960). And there is talk that 
radar contact with Mars may be attempted 
during its opposition this coming Decem 
ber, or at the February, 1963, opposition. 
Why so much sudden activity after a 12 
vear interval when only the moon was 


observable? 


THe ErFrecr oF [DISTANCI 


Phe reasons are clear when one ap 
preciates the important role that distance 
plays in a radar detection. Venus at in 
ferior conjunction is some 100 times morc 
distant than the moon, whereas Mars at 
times as 


closest Opposition is only I} 
} 


distant as Venus, and the sun 33 times. 
In a one-way transmission, the energy re 
ceived is) proportional to the inverse 
square of the distance; however, with radar 
the energy must not only reach the target 


but be propagated back again, suffering 
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another inverse-square attenuation, ‘The 
result is a received signal energy propor 
tional to the inverse fourth power of dis 
tance. Venus has a diameter a little over 
3} times that of the moon, and_ thus 
roughly 10 times the reflecting area. But 
its 100-fold greater distance means that 
the energy returned is 10/(100)* or 10 
that from the moon, if for both bodies the 
power reflected is proportional to area. 

Making the same calculation for each 
of the planets, and plotting their detecta 
bility relative to the moon's, we get the 
pattern of points in Fig. 1. Several 
satellites and minor planets are also in- 
cluded. Clearly, after we have bridged the 
vap of 10° in detectability from the moon 
to Venus, there arc many radar targets in 
close SUCCESSION. 

\nother increase of 10° in radar per 
formance beyond that needed to detect 
Venus would encompass all the planets 
except Pluto provided detectability de 
pended only upon the diameter of the 
body and its distance from Earth. Unfo1 
tunately, matters are not this simple. 
Discrepancies of several orders of magni 
tude from the gumbers given in Fig. |] 
are possible, dug to different reflectivities 
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RADAR DETECTABILITY RELATIVE TO THE MOON 





Fig. 1. For the planets, a few satellites, and some asteroids, the radar 
detectabilities are compared with that of the moon. These results have 
been deduced only from sizes and relative distances, without regard to 
possible differences in surface reflectivity. For the asteroids, approxima- 
tions are given, since their sizes are uncertain. All illustrations with this 
article are from MIT’s Lincoln Laboratory, unless otherwise credited. 
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ECHO DELAY IN MILLISECONDS 
Fig. 2. Gordon H. Pettengill’s observa- 
tions of the radar brightness of the 
moon's disk at various distances from 
its center are shown by dots, each 
representing the sum of 24,000 pulses. 
At the frequency used, 440 megacycles 
per second, the outer portions of the 
moon scatter in accordance with Lam- 
bert’s law, and not the Lommel-Seeliger 
law, which fits optical measurements 
better. Near its center, the lunar disk 
is much brighter by radar than Lam- 
bert’s law predicts. At Stanford Uni- 
versity, similar studies have been made. 


of the planets’ surfaces or the absorptivi- 
ties of their surrounding atmospheres. As 
a matter of fact, the observed strength of 
the return signal can indicate the reflec- 
tivity of a planet, since the diameter and 
distance are already known. 


RADAR TO THE Moon 


The first echoes whose characteristic 
delay time and Doppler frequency shift 
positively identified them as reflections 
from the moon were obtained by the U. S. 
Army Signal Corps in 1946. But it was 
puzzling that lunar echoes were not al- 
ways observed even though conditions 
appeared to be favorable. Some hitherto 
unsuspected effect must have been taking 
place. 

Australian and British scientists showed 
that the observed fading had two causes. 
A relatively rapid component stemmed 
from changing interference among simul- 
taneous reflections from different regions 
of the lunar surface, as changing libra- 
tions caused it to turn under the radar 
beam. And a propagation effect, Faraday 
rotation, was responsible for the slow 
fading which caused the signal to dis- 
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appear for minutes at a time. This effect 
occurs when a wave passes through a 
region like the carth’s ionosphere with a 
magnetic field present. Under certain 
conditions, the plane of polarization of 
the radar signal was being sufficiently 
twisted, as it passed twice through the 
ionosphere, that it arrived back at the 
receiving antenna in a_ cross-polarized 
orientation, producing zero output. 

By unraveling the sources of the fading, 
it became possible to eliminate the iono- 
spheric effects (through the use of circu- 
larly polarized transmissions, for instance), 
in order to study more directly the reflec- 
tive properties of the lunar surface. In 
addition, the Faraday rotation could also 
be employed as a new tool to probe the 
properties of the terrestrial ionosphere. 

An unexpected property of lunar re- 
flections at radio wave lengths came to 
light with the discovery, by J. H. Trexler 
at the Naval Research Laboratory, that 
when a short pulse was sent out, most of 
the returned signal power was confined to 
an interval of a few hundred micro- 
seconds. So brief an echo could only have 
been produced by a lunar terrain having 
relatively gentle slopes, as contrasted to 
the precipitous and cragey surface shown 
in popular illustrations. Further verifi- 
cation was soon provided by accurate 
measurements of the travel time, proving 
that the sharp echo originated in the 
nearest region of the moon. 

It had long been known that at optical 
wave lengths the disk of the full moon 
exhibits a striking uniformity in apparent 
brightness from center to edge. The radar 
work made it clear that the nature of 
scattering from the moon’s surface was 
distinctly different when measured with 
wave lengths of tens of centimeters in- 
stead of tenths of microns. Unlike its 
visual appearance, the moon at radar 
wave lengths has a strong highlight in 
the center. 

As radar transmitters became more 
powerful and antennas larger, the echoes 
received back from the moon stood higher 
and higher above the receiver noise level. 
Within the past few years, sufficient signal 
has become available at several stations 
to show that there is in fact observable 
echo power all the way out to the lunar 
limb. Fig. 2 shows the results of one such 
recent measurement. In addition to the 
highlight or specular component, there 
is a diffuse contribution which very nearly 
obeys a Lambert scattering law. A reason- 
able fraction of the moon’s surface, there- 
fore, must have irregularities that are 
comparable in size to radar wave lengths 
— a conclusion of some importance to 
those who may wish to land there. 

How can we learn where these rough 
Photographs, of course, 
tell quite a bit about the topography, and 
measurements of the lengths of shadows 


por tions are? 


cast by objects on the moon’s surface have 
given us much information about the 
height scale of its gross features. ‘The 


distribution of radio energy reflected from 
various parts of the disk would help fill 
remaining gaps in our understanding. If 
we had sufficiently narrow beam-widths, 
a radar “picture” of the moon could be 
taken by simply scanning across its disk. 
However, another approach that does not 
require resolution in angle has recently 
shown promise. 


MAaApPING THE Moon By RADAR 


Suppose a pulse of radar energy re- 
flected from the moon is observed. The 
echo will have a longer duration than the 
original pulse, because the reflection from 
the edge of the moon reaches us later than 
that from the center of the disk. Hence, 
by selecting a part of the returning signal 
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Fig. 3. Mapping the moon by radar. 
In diagram I, by selecting that part of 
the echo within a limited interval in 
range, we observe only the shaded 
area, a ring on the moon as seen from 
the earth in II. C is the center of the 
disk, and AB is the axis around which 
the moon appears to turn, because of 
changing libration. Here AB has been 
arbitrarily drawn perpendicular to the 
line of sight. Half of the turning disk 
is approaching, half receding. By fur- 
ther selecting a limited frequency 
interval, we observe only the narrow 
strip of disk between the vertical lines. 
In III, looking down on the moon, we 
see one of two small areas thus isolated 
by the combined selection of range and 
frequency. Compare III with the ob- 
servational record in Fig. 4. 
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within a limited time interval, we know 
that we are observing a ring-shaped _ por- 
tion of the disk, centered on its midpoint. 
But how do we isolate the energy reflected 
from a particular part of this ring? 

this, is taken of 


which 


lo achieve advantage 
the changing libration of the moon, 
causes a slow apparent turning of the 
moon as seen by a terrestrial observer. At 
any moment, half of the 
approaching us and half receding, 
respect to the center of the disk. 
the frequency of the energy returned from 
the ring differs from point to point, in 
a predictable way, because of the Doppler 
effect. Fig. 3 shows the relation between 
range and frequency for a turning spheri- 
cal body such as the moon. 


moon’s face 1s 
with 
Thus 


If we could arrange to measure simul- 
taneously both range and frequency with 
sufficient some semblance of a 
map could be prepared. The separation 
of returns from different parts of the 


possible the 


precision, 


lunar surface 1s because 
energy received at a given range and given 
frequency must have been reflected only 
from two definite points on the moon. 
Techniques which have been available for 
vears adequate accuracy in range. 
The frequency measurement, on the other 
of stability, 


give 


hand, calls for a new level 
several parts in 10" over the observing 
interval of 2.5 seconds, if useful resolution 
is to be achieved. 

stability has been ob- 
tained, Fig. 4 experi- 
mental results gathered by this technique. 
It is hoped that a number of these 
measurements will make it possible to 


match the observed spectra with specific 


recently 
shows some 


This 
and 





Fig. 5. 
radar observations of the sun. 
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observations with the 84-foot Millstone Hill antenna on January 8, 
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4. This preliminary radar map of the moon is from 440-megacycle 


1960, 


at 0:04 Universal time. The sharp semicircular boundary corresponds to the 
moon’s edge seen from above (as in III of Fig. 3), the part of the moon nearest 
the earth being at the top of the map. The range increases downward by steps 
of 0.0005 second of radar echo time per line. Since the echoes from the center 
of the moon as we see it are enormously stronger than the limb echoes (bottom), 
the signal strengths have been scaled down by the factors labeled at the left. 


parts of the lunar disk, and build up a 
picture of the moon in terms of radar 
reflectivity. 

The span of frequencies covered by the 





part of Stanford University’s antenna used for the first successful 
It is designed especially for operation at the 
low frequencies required for obtaining echoes from the solar corona. Eight 
side-by-side rhombic antennas make up the array, one and part of a second 
being seen here. Stanford University photograph. 


echo is determined by the product of the 
target's radius and turning rate. Also, 
the total time duration of the echo is a 
direct measure of the radius. Hence, the 
rotational rate of a planet may be found 
Such a study of Venus would 
since the length of 
Per- 
property of 


by radar. 
be very important, 
that planet's day is still unknown. 
haps the most interesting 
these methods is that angular 
is not required. As radar capability im- 
proves, Venus and Mars may be studied in 
detail with good surface resolution, with- 
out recourse to impossibly small antenna 


resolution 


beam-widths. 


Furure TECIINIQUES AND EQUIPMEN1 


The application of these methods to 
very distant targets will require continu- 
efforts in four major areas: trans- 
antennas, low-noise receivers, and 
The average 


ing 
mitters, 
signal-processing techniques. 
power available at frequencies extending 
30,000 


many 


from 30 megacycles per second to 
megacycles must be increased. In 
cases, the radio power available at present 
is already crowding the capacity of a 
single transmission line. New methods 
are needed to generate and distribute the 
power over the antenna surface without 
having to funnel it all through one trans- 
mission line. In order to preserve com- 
plete knowledge of the transmitted wave 
transmitters must not 
the highest 


form, these new 


distort the output, even at 
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Fig. 6. An artist’s conception of the 600-foot antenna under construction for the 


U.S. Navy at Sugar Grove, West Virginia. This huge steerable paraboloid will 

be precise enough to work at wave lengths as short as the neutral hydrogen 

line at 21 centimeters. It will be an important tool for future planetary radar 

experiments. The installation, known as the Naval Radio Research Station, 
is to cost about $80,000,000. U.S. Navy photograph. 


frequencies and powers that may be used. 

Perhaps the most important field for 
improvement is antenna capability. In 
radar systems, the antenna plays a dual 
role, contributing to the outgoing “power 
on-target,” and also determining the 
amount of scattered signal that may be 
gathered into the receiver. At the present 
time, antenna designs so nearly achieve 
full theoretical efficiency, for a given size 
and operating frequency, that little re 
mains but to increase the collecting area 
if more sensitivity is to be realized. Cer- 
tainly the current trend lies in that 
direction. An example of the approach 
that has been used at relatively low fre- 
quencies (30-60 megacycles) is the Stan- 
ford solar radar installation, shown in 
Fig. 5. 

For the major part of the spectrum 
available to radar astronomy (substan 
tially the same region of interest in radio 
astronomy), however, the choice seems to 
favor a parabolic reflector illuminated by 
a relatively simple antenna located at its 
focus. An instance of a very large parabo- 
loid under construction is seen in Fig. 6. 
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To a certain extent, the value of an 
antenna of given size may be improved by 
operation at a higher frequency (shorter 
wave length). As the wave length is 
shortened, the reflecting paraboloid forms 








a narrower beam, concentrating more of 
the transmitted energy on the target. 
But the dimensional accuracy of the an 
tenna and its mount must be proportion- 
ately greater. Furthermore, above 10,000 
megacycles absorption in the earth's lower 
atmosphere becomes important. And in 
some cases, as the sun, the reflection 
properties of the target tend to place an 
upper limit on useful frequencies. 
Although much work may be carried 
on with the simple displays that) con- 
ventional radars use — such as oscillo- 
scopes and cameras — a digital computer 
of some sort is required for more ad- 
vanced — signal When the 
signal-to-noise ratio of the desired return 
falls below unity, special processing is 
necessary to extend the detection sensi- 
tivity. But even where sufhcient signal is 
available, computers are needed if tech- 
niques such as those described for luna 


processing. 


mapping are to be attempted. 

Finally, a continued effort is required 
to reduce receiver noise temperatures, 2 
problem discussed by F. D. Drake in 
Sky AND ‘TELEscorE for December, 1959, 
page 87. Masers and variable-reactance 
amplifiers appear promising, and in the 
future may be improved so much that the 
residual noise level will be limited only 
by the background temperature of the 
sky or, sometimes, the target. This 
theoretical limit is already near at hand 
in some cases, although the availability of 
reliable amplifiers using these principles 
at all interesting frequencies is still 
limited. 


THe VeNus EXPERIMENTS 


Initial astronomical use of such a de- 
vice came in February, 1958, when Lin- 
coln Laboratory employed a 440-mega- 
cycle solid-state maser (Fig. 7) in its 
first Venus observations, described on 
page 384 of the May, 1959, issue. When 
the experiment was repeated, at the next 
inferior conjunction in September, 1959, 
a parametric amplifier was used. In both 





Fig. 7. This small crystal forms the heart of the maser built by Robert H. 


Kingston for amplifying radar echoes from Venus. The paramagnetic crystal 

accepts power delivered at 5,400 megacycles through the entry at the right, and 

uses it to augment the weak 440-megacycle signal that flows in the loop of 
wire around the crystal. 
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cases the background noise at the receiver 
input was kept down to 170° Kelvin. 

The 440-megacycle transmitter sent a 
sequence of several thousand pulses, each 
0.002 second long and several hundred 
kilowatts in peak power, into the 84-foot 
Millstone Hill antenna dish, which was 
pointed at Venus. ‘The pulse sequence 
lasted for the entire five-minute round- 
trip travel time, so the last pulse was 
transmitted just before the echo of the 
first was due. Then the antenna output 
was switched over to feed the low-noise 
receiver, Whose output was recorded on 
tape and later processed in a_ digital 
computer, Each such 10-minute operation 
constituted a “run.” 

The processing had two purposes. First, 
the individual echoes were much too weak 
to be distinguished from the background 
noise, so it was necessary to add together 
all of the thousand 
echoes-plus-noise to build up the signal-to- 


several received 
noise ratio. Since the echoes have a more 
or less fixed structure, and the noise is 
different from pulse to pulse, the former 
add up faster than the noise. 

\ second function of the signal-process- 
ing equipment was to determine the cor- 
rect value of the planet’s distance. The 
transmitted sequence of pulses was de- 
liberately made nonperiodic, since other- 
wise it would be impossible to tell which 
received pulse corresponded to a par- 
ticular transmitted one. By matching up 
the outgoing and returning patterns, no 
ambiguities in time of travel will re- 
Phis matching is too lengthy a job 
for the computer to do while the obser- 


main. 


vations are in progress, so in the 1958 
experiment the received signals were re- 
corded for later treatment. In the second 
Venus experiment, a digital computer 
(Fig. 8) located at the radar site was pro- 
grammed to do part of the processing 
during each actual run. 

\t the 1959 Venus conjunction, an ex- 
periment similar to this was carried out 
by J. V. Evans at Jodrell Bank in Eng- 
Our laboratory’s 1958 work had 
produced four valid runs, of which two 


land. 


contained large-output signals agreeing in 
range. Since it was thought that the 25- 
million-mile distance to Venus had been 
measured to better than 250 miles, this 
implied that the solar parallax had been 
redetermined to within one part in 100,- 
O00. Over 150 runs were made during 
the 1959 Lincoln Laboratory effort, vet 
no echoes as strong as those of 1958 were 
observed, either in England or America, 
though the former group did get weak 
indications for a distance consistent with 
the solar parallax determined in the 1958 
experiment. 

It is difficult to explain the disparity 
between the results obtained at the two 
Venus conjunctions. Our current feeling 
is that the planet’s reflectivity may be 
highly variable with time, and that the 
two successes in 1958 were observations 
made on very favorable occasions. 





Fig. 8. The CG-24 computer seen here works directly from the output of the 
Millstone Hill radar in tracking artificial satellites, and to sum up Venus echoes. 
It was used to make the lunar map in Fig. 4. 


SoLaR SYSTEM DISTANCES 


Astronomers, in specifying the mean 
distance of the earth from the sun, 
ordinarily speak of the corresponding 
solar parallax — the angular radius of the 
earth as seen from the center of the sun. 
Several proposed values of the solar paral- 
lax, with their probable errors, are com- 
pared in Fig. 9. H. Spencer Jones’ 1931 
result is from triangulation of Eros in 
that year; E. Rabe’s 1950 determination 
is from perturbations of Eros, while the 
1889-1924 figure is the average of seven 
optical methods. The value 8.800 seconds 
of arc is not an observed but an adopted 
one, used in ephemerides. With these is 
compared the 1958 radar evaluation. ‘The 
distressing thing about this compilation is 
the wide variance among the proposed 
numbers, with even the regions of proba- 
ble error failing to overlap. It is hoped 
that additional radar observations will 
clear up the discordance. 

But there is more to the story of inter- 
planetary radar distance measurements 
than refining the value of the solar paral- 
lax. The method should ultimately al- 
low the determination of the orbits of 
some planets to within a few miles. When 


Tol my Na) 


Venus 


PARALLAX IN 


this accuracy is attained, gravitational 
perturbations of higher order will have 
to be considered in interpreting what is 
observed. It should also be possible to 
study the relativistic motions of the 
perihelia of several other planets besides 
attractive 


Mercury. Mars is especially 


since it comes fairly near to us, has a 
rather eccentric orbit, and has an atmos 
phere whose retarding effect on the radar 
signal is probably negligible. 

The effect of the intervening medium 
on the signal’s speed of travel is important. 
By far the largest effect is caused by the 
dielectric constant differing slightly from 
unity, due to free electrons in interplane- 
tary space and in the ionospheres of the 
earth and the target planet. This retarda- 
tion is greater at lower frequencies. For 
the 440-megacycle frequency used in the 
Venus experiment, it was calculated that 
a distance error of less than one part in 
a million would result from the combined 
effects of our ionosphere and an average 
of 1,000 electrons per cubic centimeter 
throughout the intervening space. Had 
the measurement been made at 50 mega- 
cycles, the corresponding discrepancy 
would have been one part in 60,000. 


We can put this difference to work in 
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SEARCHED IN 1958 


Fig. 9. Solar parallax is often used to specify the mean distance from the earth 

to the sun. Lincoln Laboratory’s value from Venus radar experiments in 1958 

is here compared with others, the probable errors being indicated by the shad- 

ings: 1931 Eros, 0.001 second of arc; 1950 Eros, 0.0004; 1958 Venus, 0.0001; 
and 1889-1924 (seven determinations), 0.001 second. 
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studying the electron content of space and 
in the neighborhood of the target. If a 
pair of radars operating at widely sepa- 
rated frequencies, such as 50 and 400 
megacycles, can measure the travel time 
to distant bodies to one part in 60,000, 
and if the effect of the earth’s ionosphere 
can be subtracted out, then the density of 
free electrons in interplanetary space 
could be deduced from the excess time-of- 
flight observed with the low-frequency 
radar over that of the high-frequency one. 
(Of course, this experiment would tell us 
only the total number of electrons’ be- 
tween us and the planet, and in the 
absence of other data we could not say 
what fraction was in space and what frac- 
tion was in the vicinity of the planet.) 
Finally, knowing the total electron con- 
tent, we could improve the original range 
measurement. 
RADAR AND THE SUN 
The procedure that was used to detect 


echoes from the sun's ionized corona is 
much like that employed for Venus, with 


two important differences. First, the sun 
itself generates so much radio noise that 
there is no particular point in working 
hard to minimize receiver noise. Second, 
the operation is at much lower frequen- 
cies, 20 to 50 megacycles being required. 
If higher frequencies are used, the signal 
penetrates so far into the corona before 
reflection that absorption losses become 
severe. At still lower frequencies, the 
signal is apt to be blocked by our own 
ionosphere. 

In April, 1959, the first successful solar 
radar experiment was carried out by re- 
searchers at Stanford University (see page 
281 of the March issue). The strength 
of the echoes turned out to be in very 
close agreement with theoretical predic- 
tions published by the Australian radio 
astronomer F. J. Kerr in 1952. One im- 
portant difference was that the returns 
appeared to come more or less uniformly 
from a wide range of depths in the 
corona. This might be expected if the 
coronal region had large irregularities. 

Che Stanford experiment used a high- 





power communications transmitter oper- 
ating at 26 megacycles, feeding the array 
of eight rhombic antennas already partly 
shown in Fig. 5. The transmission con- 
sisted of a series of alternate 15-second 
on-and-off periods lasting for 15 minutes, 
approximately the time of flight to the 
sun and back. Again, a digital computer 
processed the received signal, so that the 
combined energy of all the individual 
returns could be used to enhance the 
final signal-to-noise ratio. 

With the rapid progress of radar tech- 
niques, we may look forward to even more 
revealing radar studies of the sun over 
the next few years. Range-frequency 
maps of the corona, analogous to those 
already made for the moon, might unlock 
many secrets about the dynamics of the 
sun’s outer envelope. 

Even though some important things 
have been done, the history of radar as- 
tronomy has barely begun to unfold. As 
usual when a new tool becomes available, 
the most interesting results will be the 
ones we cannot foresee. 





Some Spectra of 


} mee Norwegian Academy of Sciences 
on May 3rd gave its Fridtjof Nansen 
award of about $350 to the Oslo amateur 
astronomer Olaf Hassel, who discovered 
a 5th-magnitude nova in Hercules on 
March 7th (see page 414 of the May 
issue). He detected the object with bin- 
oculars that morning about 5:30 a.m. 
Central European time, in twilight so 
bright that a few minutes later the star 
was unrecognizable. 

Mr. Hassel is already known to astrono- 
mers for his discoveries of comets. He 
independently found Comet 1939d. 

Spectroscopic observations of Nova 
Herculis by Dean B. McLaughlin, Uni- 
Michigan, have revealed an 
the red emission line 


versity of 
unusual feature - 
at 6374 angstroms wave length, character- 
istic of the solar corona. It is due to iron 
atoms that have lost nine electrons, and 
can arise only at extremely high temper- 
ature and low pressure. 


Nova Herculis 


Coronal lines were first detected in an 
extrasolar source when W. S. Adams and 
A. H. Joy found both the red and green 
lines in the spectrum of the recurrent 
nova RS Ophiuchi in 1933. Evidently 
they are common in recurrent novae, 
having been recognized in T Pyxidis 
(1945) and T Coronae Borealis (1946), 
and were again present in RS Ophiuchi 
in 1958. 

Four typical novae hitherto have shown 
the red coronal line: Nova Aquilae 1918, 
CP Lacertae (1936), CP Puppis (1942), 
and CT Serpentis (1948). Dr. McLaugh- 
lin notes that this line appears and 
strengthens during the declining stages 
of a nova, along with the forbidden lines 
of doubly ionized oxygen. Care is needed 
in establishing the presence of the red 
coronal line, which is partially super- 
imposed on the 6364-angstrom forbidden 
line of neutral oxygen, the weaker com- 
panion of a pair whose other member is 
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at 6300. Hitherto, the most striking 
occurrence was in CP Puppis, where the 
coronal line was considerably stronger 
than 6364 and nearly matched 6300. 

According to Dr. McLaughlin’s  ob- 
servations, the first trace of the red 
coronal line in Nova Herculis 1960 ap- 
peared in mid-March. By April 22nd, it 
was twice as strong as 6300, and by May 
19th was estimated to exceed 6300 by a 
factor of five. This is the strongest known 
occurrence of the red coronal line in 
a typical nova. 

The University of Michigan astronomer 
has supplied the spectra of Nova Herculis 
reproduced here, the upper two taken 
with a two-prism spectrograph on the 37- 
inch reflector at Ann Arbor, iron-spark 
comparison spectra (bright lines) ap- 
pearing above and below the nova. No 
comparison spectrum was exposed for the 
third case, when a quartz spectrograph 
was used on the same telescope. 





Dean B. McLaughlin took these spectra of Hassel’s nova on (top to bottom) March 23rd, April 22nd, and May 19th. The 
upper two are enlarged 144 times, the lower one 45 times to a slightly smaller wave-length scale. The intense emission 
line at the extreme right is hydrogen alpha, at 6563 angstroms. To the left of it is the 6374 red coronal line that was very 
strong in May, and to its left the much fainter 6300 line of neutral oxygen. The hydrogen-beta line at 4861 angstroms 
is about two inches from the left edge; to its right are two lines of triply ionized oxygen. Other lines are at 4640 ang- 
(forbidden N II), and 5876 (He I). University of Michigan photograph. 


stroms (N III), 4686 (He II), 5755 
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At the left, seen near Frank Grow’s 8-inch telescope, are a few of the nearly 3,000 persons who attended the Los Angeles 
Astronomical Society’s star party last March. Photograph by Ed Edwards. At the right, in a picture by the author, Clarke 
Harris demonstrates a mirror-grinding machine. The society’s 16-inch mirror blank is to his left. 


Some Suggestions for a Public Star Party 


LeiF J. ROBINSON, Los Angeles Astronomical Society 


A STAR PARTY provides an excellent 
opportunity for an amateur club to 
serve its community, particularly with 
rising public interest in space exploration 
and, consequently, the heavens. The re- 
cent experience of the Los Angeles Astro- 
nomical Society may be of value to othe 
groups considering similar events. 

Our efforts began last February at an 
executive board meeting, when Jim Ben- 
son suggested that the society hold a pub- 
lic star party during the March eclipse of 
the moon. He had already contacted the 
California Museum of Science and In- 
dustry, 700 State Dr., Los Angeles, which 
had expressed interest and offered to assist 
in any way possible. 

\ssured of a sponsor with excellent 
physical facilities, our board approved the 
suggestion and put Mr. Benson in charge. 
Five committees were then set up: pub- 
licity, physical arrangements and display, 
speakers, publications, and legal. They 
planned the printing of information leaf- 
lets, parking facilities for members and 
guests, and the arrangement of displays. 
Press releases were prepared, being dis- 
tributed by the museum to all high 
schools and junior high schools, news- 
papers, radio and television stations in 
the Los Angeles area. 

\ star party cannot succeed without 
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telescopes, nor without the club mem- 
bers to man them. The great interest 
within the society resulted in more than 
10 telescopes of many varieties ready for 
the event, the largest being Frank Grow’s 
16-inch portable reflector. 

Iwo days before March 13th, a final 
board meeting was held to confirm all 
arrangements. At this time the necessary 
responsibility releases, insurance policies, 
and other required papers were signed. 

As so often happens with well-intend- 
ed observing plans, the sky on eclipse 
night was cloud-covered, making it im- 
possible to view the moon. But a tre- 
mendous crowd showed up anyway, our 
count totaling 2,936! They swarmed 
about the many displays, which included 
our astrophotography section’s large va- 
riety of cameras; a demonstration of the 
actual making of a mirror, together with 
a complete collection of mirror blanks, 
up to and including a 16-inch; a micro- 
meteorite collecting cone; telescope cast- 
ings; and numerous astronomical drawings 
and photographs. 

Due to the poor weather, the most 
popular event, and an excellent fore- 
thought, was the showing of slides of past 
lunar eclipses, accompanied by lectures. 
Particular telescopes of great interest to 
the public were: Mr. Grow’s 16-inch; 


Among the many dis- 
plays set up by LAAS 
members was one of 
homemade _ eyepieces 
and prism accessories by 
Charles Chinzi. In low- 
er center the compo- 
nents of a Ramsden are 
shown. Photograph by 
L. J. Robinson. 
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a 6-inch Maksutov by Gordon Konstanzer 
(see June issue, page 502); a 12}-inch re- 
flector made by Clarke Harris; and a 6- 
inch ‘“‘plumber’s nightmare,” thrown 
together by our society president, Thomas 
Cragg. 

The 16-inch telescope remained on dis- 
play in the museum foyer after the star 
party, along with information concerning 
the society. As a result of the affair, many 
communications were received by our 
secretary, and at our next regular meet- 
ing there were about 40 new and pro- 
spective members! 

From our experience, a successful star 
party requires a general chairman with 
ambition and foresight, a sponsor to as- 
sist in the physical arrangements and 
publicity, strong participation by the 
society's members, and an adequate pub- 
licity campaign. 

(ny further information will be gladly 
provided by our secretary, Miss L. Carl- 
son, Los Angeles Astronomical Society, 
3047 Vista St., Long Beach, Calif. 





GRIFFITH 25TH ANNIVERSARY 

May 14, 1960, was the 25th anniversary 
of the opening of Griffith Observatory and 
Planetarium, at Los Angeles, California. 
During this quarter century, about 4,250,- 
000 persons have attended some 17,500 
planetarium demonstrations, and more 
than two million have looked through 
the Griffith 12-inch refractor. 

Operated by the city of Los Angeles, 
the institution has been directed by C. H. 
Cleminshaw since 1958. He succeeded 
Dinsmore Alter, the first director, who is 
well known as an expert in studies of 
the moon. 
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NEXT WINTER: / 


WO recent total eclipses of the sun, 
in October, 1958, and October, 1959, 


were witnessed by relatively few 
people, because the paths of the moon's 
shadow lay mainly over oceans or deserts. f 


But on February 15th next year, the sun } 
will be fully obscured for millions of 
persons in southern and eastern Europe. 
The track of totality begins in the Bay | 
of Biscay, passes through southern France 
and across Italy, the Balkan countries, 
and the Black Sea, then crosses a vast 
stretch of southern and eastern Russia, 
to finish in northern Siberia. The event 
will be visible as a partial eclipse over an 
area extending from near Spitsbergen to 
Arabia, and from West Africa to Man- 
churia. Nothing of the phenomenon is 
observable from North America. 
In the map of southern Europe, the 
track of totality is shown, except for its 
eastern parts. ‘The path is 130 miles wide 
at its beginning, at sunrise in the Bay of 
On a hill near the center of Las Palmas, Grand Canary island, at the instant of Biscav, and 164 miles at its middle. The 
totality during the solar eclipse of October 2, 1959, a pate h of clear sky allowed Jevasinn af session itt be one wie 
the author to photograph the solar corona, a fantastic halo of pearly white light 1 








seconds at sunrise, and two minutes 45 2 

























that fades gradually into the darkness of the sky. Its general shape on that date, | li ae 
. , . . . . Gf ’ seco V Ac Ole . Os oe s OCEe 
with streamers appearing in all directions but more extended at the sun’s equa- — toun my salina sa 
| tor, seemed in accordance with a lessening of solar activity. A 50-millimeter {/12 noon, in southern Russia. 
camera was used for this one-second exposure through a yellow filter. North is Phe totally eclipsed sun will be very 
toward the upper right. Other photographs of this eclipse were published in near the horizon in western France, reach- 
this magazine in November and December, 1959, and February, 1960. ing an altitude of about 10 degrees in the 
7 + —— 
BPR (Se Zs RJ 5 / \ rT oy : ca F 
aK The ragu e I } Berlin ¢ | oe j | 
se ag RE eT 2 | ii 
. mag na \ ( ( ¢ | Warsaw ¢ | / 
[Gomes CY Je | 
‘, Brussels / : — ; " . 
; ° f GERMANY ( ‘ i ae: 
; . ‘ ~ \ 4 ‘Xa, POLAND WY 
Bor \ \ | " 
5 } 7 | % f 
a7 “Ts. ag \ di 
J “A c | 3 2 
€ : e i _ 
mah = S| ale 
men A, | ee eel 
a T 7 e ' 
aa ¢ Lvov 
ath tee 
, CZECHOSLOVAKIA me - 3 
FRANCE Te a es r ane sy, 
WN 3 _ ) l sila i | a 
Ne rte a | Va { 
Venn OO ee OE a 
I sa | ” al . \ 
AUSTRIA ¢ Oy i ¢ di | WY 







» ae ae a / 


{ 
| 
wx ? 


) x Zagreb A] 
{pd YUGOSL AVIA 

















Sarayevoe 





ADRIATIC 











5" 10° 









16 Sky anp TeLescope, July, 1960 





eastern part of that country, and between 
12 and 15 degrees for the Italian peninsu- 


_ 
a R: A T O TA L S O L A R F C 4 I p S F la. The height of the sun will be greatest, 
sei about 27} degrees, at Rostov-on-Don in 

the U.S.S.R. 

; Since the eclipse passes through densely 
M. bE SAussurE, University of Geneva, Switzerland populated regions, many cities and no 
fewer than a dozen observatories will see 
totality. In the map, cities having an 
observatory are indicated by crossed dots, 


aS isolated observatories by crosses, if these 
La K stations lie within 100 miles of the limits 

rd x of the eclipse track. 
RJ The towns of Périgueux, Aurillac, and 
B Montélimar in the south of France lie 
on or very near the central line. Larger 
cities seeing totality include Bordeaux, 


with its university observatory, Limoges, 
St. Etienne, Grenoble, and Nimes. In 
Sverdlovsk the French Riviera, there is Nice with its 
observatory on Mont Gros. Further sta- 
t tions are Mont Aigoual (5,140 feet high), 
Mont Ventoux (6,270 feet), and in par- 
ticular the Haute Provence Observatory 
at St. Michel, whose 76-inch reflector is 


the largest telescope in France. 
Just outside the path of totality are 
the cities of Lyons, Toulouse, Montpellier, 


and Marseilles, where the maximum frac- 
e tions of the sun’s diameter that will be 
covered are 0.996, 0.991, 0.998, and 0.998, 
\ respectively. The 5,000-foot summit of 
\ Puy de Dome lies on the northern edge of 
ae * ) Taal totality, while not far from its southern 
? ue 1 s/f \¥ uy limit is Pic du Midi Observatory, 9,400 
ie TRE es \ ( ® fo feet above sea level, provided with a solar 
aawn P / fo 50° coronagraph. There the maximum phase 

\ \ \ will be 0.976. 
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\ Unfortunately, Switzerland lies outside 


4 ae ee ) the eclipse track. It has not seen a central 
\ \ \ L [\-~ solar eclipse since 1912, and will not have 
— \ ,  \ \ ) \ another before 1999. But the observa- 
: tr ey 4 tories of Geneva, Lausanne, and Locarno 
= \ ) ox % ' A are within 100 miles of totality on Febru- 
4 \. Don Y \ ary 15th, as is Arosa with its coronagraph. 
The Swiss Astronomical Society is plan- 

ning an expedition to Italy. 

The largest Italian city within the path 
of totality is the port of Genoa, which has 
723,000 inhabitants. Towns lying not 
far from the central line include Imperia, 
Leghorn, Pisa, Arezzo, and Ancona. In 
the vicinity of the last is Arcetri Observa- 
tory, which is equipped with a solar tower 
\ \ and a spectroheliograph. Perugia is situ- 
\ \ ated in the southern half of the Italian 

\ \ zone of totality, while Gran Sasso Observa- 
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nrasneeer eKisiovodsk | \ tory, at an elevation of 7,500 feet, lies 


\ / \ close to the limit. 
Outside the zone are Turin and most 
of the cities of the Po valley, the largest 


of which is Milan, 46 miles from the 










= Partizanskoye 
Simeis x/ 


A northern boundary. To the south, Rome 
misses totality by only 38 miles. The last 
- On this map of southern and eastern 
7 Europe prepared by the author, the 
7 Universal times of mid-eclipse for 
, points along the central line are given 
4 at 10-minute intervals. This is the first 


occasion in several years that an eclipse 
track will pass over many fully 
equipped observatories. 
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two cities both have major observatories; 
Rome's station on Monte Mario has solar 
research as one of its specialties. 

In the mountains of Yugoslavia, it will 
be possible to view the ex lipsed sun higher 
in the sky, from such places as Mostar, 


Sarajevo, and Nis. The capital city, Bel- 


grade, has a large observatory but lies 25 
miles outside the path of totality. Farther 
to the east are two of the largest cities for 
which the sun will be wholly blacked out, 
Sucharest in Ro- 
726,000 
and 1,237,000, respectively, and at both 


Sofia in Bulgaria and 
mania. ‘Their populations are 
places there are ofhcial observatories. At 
the port of Constantsa, the central line 
leaves the Balkan mainland and _ crosses 
the Black Sea. 

In Russia, the track passes over the 
Crimea, where there are two adjoining 
observatories at Simeis and at Partizans- 
kove, both 


former station also possesses a spectro- 


with coronagraphs. The 
heliograph, the latter a solar tower. 
Farther on, the sun is totally eclipsed at 
noon at Rostov-on-Don, a city of 600,000 
people, where there is a university and 
an observatory. Extending in a_north- 
easterly direction, the path of totality 
then goes over the widely separated cities 
of Stalingrad, Kuibyshev on the Volga 
River, and Sverdlovsk in the Urals. 
Finally, the moon's shadow leaves the 
earth at a remote point in northern 
Siberia. 


Che great advantage of the easy accessi- 
bility of the eclipse track’s western half is 
to some extent offset by the low altitude 
of the winter sun, and by the rather 
small probability of clear skies. In north- 
ern Italy, the likelihood of this is gener- 
ally less than about 30 per cent for a 


The bright inner co- 
rona, showing crescent- 
shaped streamers, is evi- 
dent in this photograph 
obtained by the author 
at the end of totality 
last October 2nd. As the 
edge of the sun was un- 
covered by the passing 
of the moon’s ragged 
limb, Baily’s beads ap- 
peared, lower right. 
Above them, also to the 
right on the moon’s 
edge, prominences are 
visible; to the unaided 
eve, their fine red color 
contrasts markedly with 
the corona’s soft hue. 
An exposure of about 
1/50 second was used. 
North is toward the up- 
per right. 





morning at this time of year. Climato- 
logical data suggest that more favorable 
conditions may be expected in the in- 
terior of Yugoslavia, and in Bulgaria and 
Romania. In Russia, however, the weather 
in mid-February along most of the eclipse 
path tends to be generally unfavorable. 
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FROM THE S+T. MAILBAG 





Q. Why is a radio telescope so named? 


A. Because it can detect radiant 
energy at radio wave lengths from celes- 
tial bodies, and has functions that are 
counterparts of the resolving power and 
light-gathering power of an optical tele- 


scope. 


Q. Who holds the record for number 
of comet discoveries? 

A. Jean Louis Pons (1761-1831) found 
at least 37 comets. He was doorkeeper at 
Marseilles Observatory in France, and 
later director at Lucca and Florence ob- 
servatories in Italy. Elizabeth Roemer 
tells his story in Leaflet No. 371, May, 
1960, of the Astronomical Society of the 
Pacific. 

Q. What is albedo? 

A. It is the ratio of the light reflected 
by a body to the light falling on it. For 
example, the moon reflects seven per 
cent of the sunlight it receives, so its al- 
bedo is 0.07. 


Q. How many galaxies are known to 
belong to the “local group”? 

A. Seventeen, according to R. H. 
Baker’s Astronomy (1959 edition). These 
include our own Milky Way system, the 
two Magellanic Clouds, M31, M32, and 
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M33. Their apparent sizes range from 
about 12 degrees (the Large Magellanic 
Cloud) to 10 minutes of arc (two faint 
galaxies in Leo). Five of them are listed 
at a distance of 1,500,000 light-years. 


Q. Is Serpens one constellation or 
two? 

A. Even though modern star atlases 
divide Serpens into two parts, Serpens 
Caput and Serpens Cauda (the head and 
tail of the snake), separated by Ophiu- 
chus the Serpent Holder, they are to- 
gether regarded as only one of the 88 
constellations. 

Q. What causes the moon’s libration 
in latitude? 

A. ‘The moon’s equator does not co- 
incide with the plane of its orbit, but is 
tipped about 6} degrees to it. Thus, at 
one time in a lunar month the moon’s 
north pole will be tipped 6} degrees 
toward us, while two weeks later the 
south pole will be presented. 


Q. Why can there be vibration in a 
telescope mounted solidly on a_ heavy 
pier? 

A. Faulty mounting design is the 
usual source of trouble. Check such things 
as the tightness of the bearings, their 


distance apart on each axis, the size 


of the tube support or cradle, the length 
of counterweight supports, and the solidi- 
ty of the tube. Mirror cells and secondary 
supports must hold these elements firmly 


in all positions, and even the eyepiece 
holder must be free of wobble and loose- 


ness. 


Q. How far north can all of the tail 
of Scorpius be seen? 

A. The stars Eta and Theta Scorpii, in 
the animal’s tail, are at declination —43°, 
so from places above latitude 47° north 


they cannot be observed. 
W.E. S. 





AMERICAN ASTRONOMICAL 
SOCIETY TO MEET IN MEXICO 
The 106th meeting of the American 
Astronomical Society will be held in 
Mexico City on August 22-25, the sessions 
for papers being at the National Uni- 
versity of Mexico. The program will in- 
clude a visit to the Tonantzintla Observa- 
tory in Puebla for the inauguration of its 
new 40-inch telescope. Martin Schwarz- 
schild, Princeton University Observatory, 
is to give the Henry Norris Russell lecture. 


PLANETARIUM SYMPOSIUM 

A symposium for planetarium repre- 
sentatives and operators, similar to the 
meeting at Cranbrook Institute of Science 
two years ago, will be held at the Cleve- 
land Museum of Natural History on 
August 28-31. Further information is 
available from Dan Snow, Cleveland 
Museum of Natural History, 10600 East 
Blvd., Cleveland 6, Ohio. 
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OBSERVING THE SATELLITES 


Sputnik IV 
N MAY 15th, Soviet scientists an- 
nounced the successful launching of 
the first full-scale test satellite for manned 
spaceflight. This five-ton spaceship carried 
a heavier payload than any previous one 

- a pressurized cabin weighing some 5,500 
pounds and large enough to accommodate 
a man, together with 3,256 pounds of in- 
strumentation and a power supply. 

The May 15th date coincided with the 
second anniversary of the launching of 
Sputnik III, which descended into the 
atmosphere, after some 10,035 circuits 
around the earth, on April 6, 1960, 
shortly after 08:00 Universal time. Lunik 
III, which slipped into an earth orbit 
after photographing the far side of the 
moon, was also probably down when 
Sputnik IV was fired, but had been a 
lost object for many months. 

Sputnik IV’s experimental cabin was 
outfitted with a complete life-support sys- 
tem, and means were provided to separate 
it from the spacecraft on ground command. 
However, the Russians said they did not in- 
tend to retrieve the cabin from orbit, but 
that after separation it would burn up in 
the atmosphere. 

As in previous launchings, there were 
no announcements of the precise time 
and place of the firing, nor were char- 
acteristics of the booster disclosed. The 
many widely speculative comments in the 
press about 19601 are the result of 
lack of information. 

The orbital inclination of the newest 
Russian satellite, and its spent carrier 
rocket 1960¢2, was 64.89 degrees to the 
earth’s equatorial plane, closely resem- 
bling earlier Sputniks. When the prob- 
lems of prolonged manned orbital flight 
are considered, inclinations near this value 
have a slight advantage in that the argu- 
ment of perigee, which initially amounted 
to about 62.74 degrees for these objects, 
changes only slowly with time. Thus, if 
most of the cosmic radiation trapped in 
the Van Allen belts is first avoided at 
apogee, there is less concern that the 
motion of the line of apsides will carry 
the apogee to more dangerous geomag- 
netic latitudes. 

For both Sputnik IV and its rocket 
carrier, nearly circular and relatively low 
orbits were attained, the farthest distance 
being about 236 miles from earth, nearest 
about 196. At first the period of 1960¢1 
amounted to 91.22 minutes, while one 
second more was needed for 1960<¢2 to 
complete a revolution. 

Initially, the satellite could be observed 
in the twilight sky near latitudes north 
of +33° and south of —60°, but it was 
hidden by the earth’s shadow at inter- 
mediate latitudes. Within a few days, by 
the time the cabin separated, the first of 
these limits had moved northward to 
+41°. Afterward, therefore, the satellite 


was unfavorably placed for photography 
by the Smithsonian Baker-Nunn camera 
stations, which are all located between 
latitudes 32° south and 363° north. Con- 
sequently, the observations during the 
events following ejection were 
made by radar installations reporting to 
the National Space Surveillance Control 
Center (Space Track) and by Moonwatch 
observers in northern latitudes. 

Soviet press reports stated that Sputnik 
IV’s research program was completed 
after about four days of flight; it was said 
that the orientation system and the air- 
conditioning and thermo-regulating equip- 
ment had worked normally, insuring 
conditions required for future human 
spaceflight. While the radio arrangements 
had in general performed successfully, 
much distortion had been encountered in 
audio signals relayed by a _ transmitter 
working at 19.995 megacycles. Normal 
operation was reported for the power 
supply, consisting of chemical batteries 
and automatically oriented solar cells. 

The account given by Tass, the Soviet 
news agency, of the ensuing events was 
the following: “A command signal for 
descent from the orbit was transmitted [at 
23:52 UT on May 18th] to the satellite 
ship, switching on its retro-engines and 
pressurized-cabin ejection mechanism. 

“The retro-engine installation worked 
normally. However, due to a break- 
down in one of the instruments of 
the satellite-ship’s orientation system, the 
retro-impulse was directed with a devia- 
tion from the calculated course. As a 
result, the ship’s velocity was not reduced, 
but increased, and the satellite ship en- 
tered on a new elliptical orbit lying almost 
in the same plane as the initial, but with 
a much greater apogee. 

“The pressurized cabin was ejected 
from the ship, and the instruments regis- 
tered the normal working of the cabin- 
stabilization system. The signal 
radio transmitter installed on the satellite 
ship continues to function. ‘¢ 

Space Track and Moonwatch data sug- 
gest that the cabin, 1960¢1, is now ac- 
companied by seven parts of the ship, 
all traveling in nearby orbits. 


cabin 


Mipas II 

SATELLITE designed to detect the 

launching of ballistic missiles was 
sent aloft from Cape Canaveral, Florida, 
on May 24th at 17:36:45.8 Universal time. 
This object is called Midas II; in the first 
shot of the series (on February 26th), 
the stages had failed to separate after 
successful operation of the booster. 

The name is condensed from Missile 
Defense Alarm System, and is a project of 
the Air Force’s Ballistic Missile Division. 
The device will use infrared sensors to 
detect heat from exhaust flames of ascend- 
ing rockets. When fully operational, the 


sensors will discriminate among different 
sources of heat. One objective of the 
Midas II experiment is to determine the 
frequency with which nonrocket inter- 
ference is encountered. 

Magnesium flares were to be set off on 
the ground at Edwards and Vandenberg 
Air Force bases, both in California, to 
serve as test objects, and scheduled mis- 
sile launchings were also to be observed. 
However, a malfunction in the Midas I] 
instrument command system made _ it 
highly unlikely that this could be done. 

Both the total weight placed in orbit 
— some 2} tons — and the payload weight, 
about 3,000 pounds, are the heaviest yet 
achieved by the United States. An Air 
Force Atlas ICBM, built by Convair, is 
combined with Lockheed’s Agena, origi- 
nally developed for the Discoverer series, 
in the Midas launching system. As modi- 
fied for the purpose, the 130-ton Atlas 
stands 77 feet high and is powered by 
two booster engines, a sustainer, and a 
pair of vernier rockets. All together, 
these Rocketdyne engines develop some 
360,000 pounds of thrust. 

Control of the engines is through a 
new General Electric-Burroughs radio- 
command guidance system that continu- 
ously compares measured position and 
velocity with a prerecorded flight program. 
It computes the necessary corrections and 
changes the alignment of the gimbaled 
thrust chambers. After the vehicle reaches 
a predetermined point, the computer in- 
itiates separation of the first stage, and 
the Agena coasts to the proper altitude. 

A programmer starts the Agena engine, 
which operates until orbital velocity is 
reached. At this time the 15,000-pound- 
thrust Bell engine is shut off and the 
entire Agena — about 22 feet long and 
five feet in diameter — enters into orbit. 
Its orientation system tips it over into 
a nose-down attitude, giving its infrared 
sensors a Clear view of the earth. 

The major advantage of the Midas is 
the increase in warning time over the 15 
minutes to be given by the Ballistic Mis- 
sile Early Warning System (BMEWS). 
If enough Midas satellites were in orbit, 
this time could be doubled. A related 
Air Force project, Samos, is designed for 
detailed general reconnaissance. 

The launching of Midas II southeast- 
ward from Cape Canaveral resulted in an 
orbital inclination of 33.0 degrees for 
1960%. Future Midas shots will be from 
a new base at Cape Arguello, near Van- 
denberg Air Force Base, and will strive 
for polar orbits. 

According to data released by Space 
Track, the initial nodal period was 94.45 
minutes, with perigee and apogee at 302 
and 324 miles, respectively. Over-all re- 
sponsibility for operation of the Midas 
system belongs to the Air Force Satellite 
Test Center in Sunnyvale, California. 

MARSHALL MELIN 
Research Station for Satellite Observation 
P. O. Box 4, Cambridge 38, Mass. 
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When this photograph of Saturn was taken with the 100-inch Mount Wilson telescope, the rings were opened to nearly 
their widest extent. The ring system is 171,000 miles in outer diameter, and consists of a swarm of separate tiny moonlets. 
The crepe ring is only visible in this picture as a dark arc in front of Saturn’s disk. 


Planets with Rings 


Orro Struve, National Radio Astronomy Observatory* 


ECENTLY the Soviet astronomer S. 
R K. Vsekhsviatsky, director of Kiev 
Observatory, sent me a copy of a 
manuscript entitled “On the Possible Ex 
istence of a Ring Around Jupiter.” 
Older astronomers will remember that 
Dr. Vsekhsviatsky has for many years de- 
fended the hypothesis that the comets 
originated from eruptions on Jupiter and 
other planets. ‘This idea goes back to 
J. L. Lagrange in 1814, who was inspired 
by the work of H. Olbers and kK. L. 


Harding on the orbits of comets and 
minor planets, but recently it has been 
criticized by other astronomers, such as 
\. J. J. van Woerkom in 1948. Neverthe- 
less, it is often useful to reconsider ideas 
and suggestions that may not appear con- 
vincing now, but can still contain im- 
portant elements of truth. 

In his new paper, Vsekhsviatsky deals 
primarily with two subjects: the likeli- 
hood of observable changes in Saturn’s 
rings and the possibility that there is a 
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The elder Otto Struve summarized in this drawing an intensive series of obser- 
vations with the 15-inch refractor of Pulkovo Observatory, made in 1851 from 


September 19th to October 4th, 
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with powers of 400x to 700x. 


very tenuous ring of solid particles in the 
equatorial plane of Jupiter. Neither topic 
is entirely new. The question of detect- 
able structural change in the Saturnian 
ring system was much discussed in the 
second half of the 19th century. G. P. 
Kuiper mentioned the possibility of there 
once having been a ring around Jupiter, 
in his The Atmospheres of the Earth and 
Planets, 1949, page 342. 

But the Kiev astronomer has two 
specific points to make. He believes that 
the alterations in Saturn’s rings suspected 
a century ago have been progressing 
steadily, and are apparent in recent ob- 
servations. Also, he proposes that Jupiter 
may have a ring of solid particles, too 
sparsely spread to be observed by re- 
flected sunlight, but opaque enough to 
produce a shadow on the equatorial zone 
of the planet itself. 

A great deal has been written by visual 
observers concerning supposed alterations 
in Saturn’s rings. ‘The first comprehensive 
summary was published in 1852 by my 
grandfather, Otto Struve, in the Memoirs 
of the St. Petersburg Academy of Sciences. 
This contained his drawing, reproduced 
here, of the planet as seen with the 15- 


Operated by the Associated Universities, Inc., 
under contract with the National Science Foundation. 











inch Pulkovo refractor in September and 
October, 1851. It shows very distinctly 
the outer ring A, which is separated by 
the dark Cassini division from the bright 
middle ring B:; within the latter is the 
much fainter crepe ring C. 

Also shown here is another illustration 
from Struve’s memoir, based on observa- 
tions since 1657. He was struck by the 
narrowness of the rings in the early pic- 
tures, compared with what he himself sa ¢. 
In fact, it appeared that from 1657 to 
1851 there had been a_ progressive de- 
crease in the width of the gap between 
the planet and the inner edge of ring B, 
relative to the combined width of rings 
\ and B. 

Old drawings and descriptions were 
used to evaluate this ratio. In 1657, C. 
Huygens’ observations gave 1.41, thus 
making the bright rings much narrower 
than the gap. In 1695 it was 1.18, from 
work of Huygens and G. D. Cassini; 
while in 1719 J. Bradley found 0.95, and in 
1799 William Herschel’s measures gave 
().86. With greatly improved instruments, 
W. Struve in 1826 found 0.64, J. F. Encke 
and J. G. Galle in 1838 obtained 0.57, 
while Otto Struve’s own measurements in 
1851 gave the ratio as 0.49. 

Taken at face value, this strongly in- 
dicated a rapid approach of the inner 
edge of the rings toward the planet, the 
outer edge of A changing little. The 
first four results, however, were obtained 
with inferior instruments, and are prob- 
ably not reliable. But Herschel was an 
experienced observer, and consideration 
should be given to his statement made in 
1806: “The breadth of the ring is to the 
space between the ring and the body olf 
Saturn as about 5 to 4.” Hence, even if 
the observations up to 1799 are omitted, 
rather drastic change is still indicated. 

Vsekhsviatsky has attempted to extend 
the record by means of more recent ob- 
servations. His table starts with data by 
\. C. Ranyard in 1883 and ends with 
measurements made on a drawing pub- 
lished in 1948 in the French book dAs- 
tronomie, by L. Rudaux and G. de 
Vaucouleurs. But Vsekhsviatsky’s num- 
bers cannot be directly compared with the 





earlier ones, because he attempted to 


measure from the planet to the inner Saturn’s aspect changes markedly as its rings are presented more and more edge- 
edge of the crepe ring C instead of to wise to the earth. These Pic du Midi photographs were taken by H. Camichel, 
ring B. Nevertheless, the Kiev astrono- top to bottom, on February 11, 1946, March 6, 1948, and April 15, 1951. 


mer concludes that the inner part of the 
ring system has continued to move in 
toward the planet. 

Vsekhsviatsky does not refer to an 
article by Otto Struve in Astronomische 
Nachrichten, 105, 18, 1883. There the 
latter reports that measurements made 
by him in 1882 with the same telescope, 





and using the identical procedure, gave 
for the gap-to-ring ratio 0.49 — the same 
value as in 1851. It was thus apparent that 


Reproduced from the Struve memoir of 1852, these schematic drawings indi- 

cate how the rings would be seen in plan, deduced from observations by C. 

Huygens in 1657, W. Herschel in 1799, and Struve himself in 1851. Note the 
apparent shrinkage of the gap between the rings and the planet. 


the supposed rapid change in this ratio 
had not continued after 1851. Moreover, 
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Saturn, photographed in blue light on May 22, 1952, with the 200-inch Hale 

reflector. Below the rings, their shadow on the planet can be seen, while to the 

left of the disk is Saturn’s shadow on the rings. North is upward. Mount Wilson 
and Palomar Observatories photograph. 


in the years 1885-95 similar micrometer 
measurements were made by A. Hall with 
the 26-inch Washington refractor, by E. E. 
Barnard with the 36-inch Lick telescope, 
and at Greenwich Observatory with a 28- 
inch telescope by ‘I. L. Lewis and F. W. 
Dyson. Again, there was no indication of 
any decrease in the space-to-ring ratio. 

In November, 1895, Lewis published a 
critical discussion of the whole problem in 
the Observatory, reviewing the papers by 
Otto Struve and re-evaluating the Huy- 
gens observations on the basis of draw- 
ings of the ring system rather than meas 
ures with his primitive micrometer. Lewis 
concluded that the ratio of gap to ring 
for Huygens’ work should be taken as 
0.91 instead of 1.41, 
completely the Cassini figure in favor of 
work. 


and he discarded 
Bradley’s good micrometer 

Commenting on Struve’s theory of a 
steady narrowing of the gap until about 
1850, Lewis wrote: “No constant change 
the space-to-ring 


can be detected in 


ratio. 


One would, however, scarcely 





venture to say that changes do not occut 
either of a periodic nature or otherwise, 
as the observations are by no means ac- 
cordant; but this may be accounted for 
by the great difficulty in making these 
measures, and this view is borne out by 
the greater accordance of recent measures 
with powerful instruments.” 

During the present century, there have 
been very few micrometric measurements 
of the rings of Saturn, and it is difficult 
to ascertain whether there has been any 
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change in them. But drawings of the 
planet have been made, as well as photo- 
graphs with very large telescopes. On 
these the edge of the planet and the 
inner and outer limits of rings B and A 
are measurable. Vsekhsviatsky notes that 
great care is needed in comparing visual 
and photographic determinations of the 
dimensions, for the fainter parts of the 
rings and especially the limb of the planet 
could be lost on photographs in which 
the contrast is excessive. 

With the 40-inch Yerkes refractor, at 
the turn of the century, Barnard made 
drawings from which I find the space-to- 
ring ratio to be 0.51, in agreement with 
Lewis’ value. A photograph that Barnard 
took in 1911 with the 60-inch telescope 
on Mt. Wilson gives 0.70, while a later 
100-inch picture (page 20) yields a value 
of 0.75. 

G. de Vaucouleurs has directed my at- 
tention to an article by B. Lyot in L’ds- 
tronomie for January, 1953, where this 
famous French astronomer shows Saturn 


Left: On December 12, 
1907, when E. E. Bar- 
nard made this drawing 
with the 40-inch Yerkes 
refractor, Saturn’s rings 
were seen edgewise. 


Right: In order to see 
the fine details shown 
in this drawing, Pic du 
Midi astronomers used a 
magnification of 900 
times with the 24-inch 
refractor. The crepe 
ring is semitransparent, 
the planet’s disk being 
faintly visible through 
it. From “L’Astrono- 
mie,” January, 1953. 


drawn with the 24-inch telescope of Pic 
du Midi Observatory. The drawing was 
based upon measurements with a double- 
image micrometer and can be scaled to 
give the ratio 0.78 for the year 1944. 
When the 200-inch Hale telescope was 
used to photograph the planets in 1952, 


Saturn was observed with the rings 
nearly edgewise, but the  space-to-ring 
ratio can be measured as 0.68. 


If there has been any observable change 
in Saturn’s rings, the ratio has decreased 
from near 0.86 in 1799 to 0.51 between 
1851 and 1900, then increased to ap- 
proximately 0.75 between 1900 and about 
1950. Whether this alteration real 
can probably not be ascertained until new 
micrometer measurements have been 
made with the same techniques used by 
the 19th-century observers. Should the 
change be confirmed, it would probably 
imply that there is some process that 
replenishes the ring material, perhaps at 
irregular intervals, leaving the over-all 
structure of the ring system approximately 
the same for centuries at a time. 

‘There have also been indications of 
small changes in the relative brightnesses 
of the rings and in the conspicuousness 
of the divisions between them. According 
to some observers, the crepe ring has been 
much brighter at certain times than at 
others. Encke’s division in ring A was 
long regarded as an easily observable 
feature. But Kuiper reported to the 
International Astronomical Union that 
one night in 1954, when the seeing was 
unusually with the 82-inch Mc- 
Donald reflector, he could detect only 
one clear-cut division — Cassini's, whose 
width was found to be one-fifth that of 
ring A. 

Kuiper commented: “The other ‘divi- 
sions’ are either minor intensity ripples, 
with some 10-15% amplitude, or are non- 
existent. ‘The Encke ‘division’ is a ripple 
where at the same time Ring A changes 
its intensity abruptly. ‘There are three 
ripples in Ring B, and there is no gap 
between Ring B and the Crepe Ring.” 

Contrast that description with Lyot’s, in 
his 1953 article: “Beginning with the 
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good 














Drawings of Jupiter made more than half a century apart both show a dusky equatorial band. At the left, it is a thin gray 
line that almost bisects the planet’s disk, in Elmer J. Reese’s rendition of December 11, 1953, with a 6-inch reflector and 





good seeing at Uniontown, Pennsylvania. The band is irregular and interrupted in the drawing at the right by the 
Dutch astronomer A. A. Nijland, with the Utrecht Observatory’s 103-inch refractor on April 25, 1896. 


outer edge of ring A, one sees a very 
brilliant band, about 0.4 second of arc 
wide, then a narrow black line and an- 
other narrow bright zone, followed by a 
darker belt in which three minima of 
intensity can be distinguished; next a 
fairly thin bright zone, and finally Cas- 
sini’s division.” 

Lyot continues: “The second ring, B, 
the brightest of the three, is divided into 
two almost equal parts by a fairly sharp 
division. The outer portion of B con- 
tains a darkish band, and near its inner 
edge a double division whose components 
are separated by only } second. That 
part of the ring between the double di- 
vision and the central division is the 
brightest of the ring structure.” 

The fact that light-scattering particles 
occur in the so-called ripples suggests that 
minor alterations are constantly taking 
place in the rings, as a result of perturba- 
tions by Saturn’s satellites and perhaps 
from other causes. Nowadays we are 
much more receptive than we were a few 
years ago to the idea that small particles 
revolving around a planet undergo com- 
plicated orbital changes, just as have 
been observed for artificial satellites mov- 
ing around the earth. 

Perturbations of the particles’ orbits 
must result in collisions and therefore in 
loss of angular momentum, with a con- 
sequent tendency for the particles to 
spiral in toward Saturn. Since the ring 
system has existed at least since Galileo 
first pointed his telescope at Saturn, and 
probably for a great many centuries more, 
it is reasonable to believe with Vsekhsvi- 
atsky that some process, such as volcano- 
like eruptions on Saturn, feeds material 
into the rings, thereby replenishing par- 
ticles that fall to the surface of the planet. 





The second part of Vsekhsviatsky’s arti- 
cle discusses the nature of a narrow dark 
band often observed on the disk of Jupi- 
ter, very close to the planet’s equator. It 
is recognized as a real feature in B. M. 
Peek’s recent book, The Planet Jupiter, 
page 97: “Threading its way, nearly along 
the middle of the zone, telescopes of 
moderate aperture will often reveal the 
thin, faint, duskv line, known as the 
Equatorial Band. Sometimes this will 
run right across the visible disk; more 
often it is fragmentary and it seldom en- 
circles the planet. On the two occasions 
for which latitude measurements are avail- 
able the Equatorial Band lay within 1° 
of the true equator; if, however, its plac- 
ing upon drawings is to be relied upon, 
this is by no means always the case, 
though its departure from the equator is 
naturally never pronounced.” 
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JSJOVIAN LATITUDE OF SUN 


This graph, correlating the latitude of 
Jupiter’s equatorial band with that of 
the sun, seems to support the Vsekhs- 
viatsky theory that the band is the 
shadow of a ring of particles. 


Vsekhsviatsky correctly points out that 
the plane of Jupiter’s equator is inclined 
so slightly to its orbit and to the ecliptic 
that we would never see an equatorial 
ring widely opened, as we often do in the 
case of Saturn. Thus, if we were ever to 
observe a hypothetical ring of Jupiter by 
the sunlight its particles scatter, the best 
we could expect would be a view resem- 
bling Saturn’s rings seen edge on. No 
such luminous phenomenon of Jupiter 
has ever been detected, but, as the Soviet 
astronomer suggests, the glare from the 
planet may wholly mask a very tenuous 
ring. Even such a ring, though, would 
cast a shadow upon the disk, and this 
shadow would not always coincide with 
the Jovian equator. 

He has collected a large number of 
measurements, mostly from drawings, giv- 
ing for each date the latitude of the equa- 
torial band and also the latitude of the 
sun above or below Jupiter’s equator. 
Unless these tabular data are vitiated by 
some unknown cause, they indicate an 
inverse relation between the two quanti- 
ties: When the sun is north of Jupiter's 
equator, the band is south, and vice versa. 
If this result can be taken seriously, it 
would strongly support Vsekhsviatsky’s 
opinion that the band is not a cloud for- 
mation but the shadow cast by a tenuous 
ring. 

Because the equatorial band is not al- 
ways uniform, being occasionally fragmen- 
tary in appearance, Vsekhsviatsky argues 
that the hypothetical Jovian ring is non- 
uniform, and contains regions of greater 
and lesser density. As seems possible in 
the case of Saturn, the ring may be some- 
how replenished to replace the particles 
that perturbations cause to fall to the 
planet’s surface. 
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AMERICAN ASTRONOMERS 





REPORT 


Here are highlights of some papers presented at the 105th meeting of the American Astronomical Society at 
Pittsburgh, Pennsylvania, April 18-21, 1960. Complete abstracts will appear in the Astronomical Journal. 


Solar Cosmic Rays 

A great cosmic ray storm followed a 
flare on the sun February 23, 1956, and 
the characteristics of the storm indicated 
that some of the cosmic particles had 
been reflected back to the earth after 
passing several astronomical units out- 
ward from the sun. It was as if the sun 
were surrounded by a field-free cavity 
with a magnetic border or barrier far out- 
side the earth’s orbit. 

University of Colorado astronomers 
G. A. Newkirk, J. W. Warwick, and H. 
Zirin proposed a simple explanation of 
this condition, likening the sun to many 
other stars in this respect. It is sur- 
rounded by a sphere of ionized hydrogen 
at least several astronomical units in 
diameter, and beyond this H-II region 
there is a transition zone of roughly the 
same thickness. The H-II part is much 
hotter than the H-I (neutral hydrogen) 
outside, and if the latter is permeated by 
the general galactic magnetic field, pres- 
sure balance would insure virtually zero 
field in the H-II region. 

There would be a kind of magnetic 
shell at the transition region, which 
would produce the observed reflection of 
outgoing solar cosmic rays. 


Stellar Populations 


A fresh approach to the problem of 
stellar populations was discussed by Wil- 
helmina Iwanowska, of Perkins Observa- 
tory, who is in this country on leave from 
the Observatory of Copernicus University 
in Torun, Poland. In her scheme, which 








One of the speakers at Pittsburgh was 
Wilhelmina Iwanowska of Poland, an 
authority on stellar astronomy. 


reflects recent trends of astrophysical 
thought, red or blue giants, dwarfs, white 
dwarfs, planetary nebulae, novae and 
variable stars, are not uniquely associ- 
ated with one population type. 

Stars would be assigned to Population 
I or II according to their probable origin 
in one of the two main condensations of 
matter in the galaxy: the disk with spiral 
arms in it, or the central spheroid. A 
star’s present state and condition would 
result from its initial characteristics (the 





population type) and its age, with the 
star’s mass important in determining its 
physical and chemical evolution and its 
motions. 

This scheme would allow star formation 
to go on at present for both types, instead 
of just Population I. For Population II, 
however, we know very little of what 
takes place in the galactic nucleus, or in 
globular clusters or elliptical nebulae. 
But there is evidence that in such loca- 
tions younger, more massive stars do exist 
along with interstellar gas. 


Metallic-Line Stars 
in Binary Systems 


Some stars of spectral type A, while 
having the hydrogen Balmer series as 
the most intense absorption lines in their 
spectra, also exhibit relatively strong 
lines of the metals. Several astronomers 
have suspected that a large percentage 
of these metallic-line stars may be mem- 
bers of spectroscopic binaries. At Kitt 
Peak National Observatory, Helmut A. 
Abt has made a systematic study of 25 
metallic-line A stars, picked effectively at 
random, to test this possibility. 

An average of 11 spectra for each star, 
at dispersions of 18 to 20 angstroms per 
millimeter, was obtained with the Mc- 
Donald Observatory 82-inch _ reflector 
(coude focus) and the Mount Wilson 60- 
inch Cassegrainian spectrograph. Only 
four of the 25 stars were found to have 
constant radial velocities, the other 21 
being definitely spectroscopic binaries. 
Twelve of these showed double lines, that 


Among the many astronomers from foreign lands attending the Pittsburgh meeting were, left to right: F. Rutllant, Uni- 
versity of Chile; C. Schalen, Uppsala Observatory, Sweden; and P. C. Chaudhuri, Lucknow University, India. “Sky and 
Telescope” photographs with these reports, unless otherwise credited. 
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is, the spectra of both components could 
be seen. For 15 pairs orbits have been 
computed, but in six double-lined  bi- 
naries the line separations were generally 
too small for good measurements of their 
periodic shifts. 

Even the four stars with constant radial 
velocities might be double their 
orbits lying near the plane of the sky, or 
their motions too slow to show line shifts, 
or the observations incomplete. ‘There- 
fore, Dr. Abt believes, from the high 
percentage of spectroscopic binaries in 
his 25 cases, that all metallic-line A stars 
are members. of The 
periods of revolution he found have a 


stars, 


binary systems. 


wide range, from one to 361 days. 


The Venus Greenhouse 

Radio observations of Venus at centi- 
meter wave leneths indicate that beneath 
its thick layer of clouds the planet has a 
surface temperature of about 600° Kelvin 
(620° Fahrenheit). It is evident that the 
Cytherean atmosphere produces a marked 
ereenhouse effect, for an airless planet at 
Venus’ distance from the sun would have 
a radiation temperature of about 250° K., 
if its rotation period were short com- 
pared with its revolution, and about 100 
degrees higher than that if the two 
periods were comparable. 

At Yerkes Observatory, Carl Sagan has 


Nicholas E. Wagman, director of Alle- 
gheny Observatory, was host to the 
meeting. Photo by W. K. Hartmann. 


computed the properties of the Venus 
atmosphere on the basis of 600° surface 
temperature. Lhe near equality of temper- 
atures on the planet’s day and night 
sides, and the banded pattern of its 
atmosphere, suggest rapid rotation and 
indicate very high absorption of radia- 
tion by its atmosphere at long wave 
lengths. In fact, nearly complete absorp- 
tion would have to extend from 1.5 
microns in the infrared to the very long 
waves at 40 microns. 

The only likely molecule with absorp- 
tion bands in the region longward of 
20 microns is water, which would be in 
the form of steam, requiring one to 10 
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left, of Royal Greenwich Observatory, England, and J. Meffroy, 


Montpellier University, France, pose outside the Mellon Institute. 


grams per square centimeter area to ac- 
count for the strong greenhouse effect. 
Carbon dioxide should also play an im- 
portant role. An ice-crystal layer should 
form about 23 miles above the planet’s 
surface, where the temperature would 
be about 43° centigrade below freezing. 

The Yerkes astronomer pointed out 
that the earth would have developed an 
atmosphere resembling that of Venus had 
it been placed in that planet’s orbit 
very early in its evolutionary history. 
New Polarization Measurements 
of the Solar Corona 

Very accurate measurements of the 
polarization of the sun’s corona have 
been obtained at the total eclipse of 
October 2, 1959, by University of Minne- 
sota scientists. Their equipment was used 
successfully at two sites in the Sahara 
Desert, while at a third location along 
the path of totality weather conditions 
were poor. 

The scientific team consisted of W. F. 
Huch, P. J. Kellogg, R. W. Maas, and 
FE. P. Ney. They adapted television cam- 
eras for use on telescopes, with photo- 
multiplier tubes as detectors, and were 
able to measure with only five-per-cent 
error the absolute intensities of polarized 
and unpolarized light from the corona. 
Che direction of the polarization angle 
could be found within 0.8 degree. During 
the brief time of totality, five complete 
scans of the eclipsed sun were made in 
two wave lengths, 4500 angstroms in the 
blue and 8500 angstroms in the infrared 
region of the spectrum. 

They reported analyses of three of the 
scans. ‘The measurement of polarized and 
unpolarized light allows separation of the 
coronal light into its two parts, the F 
corona caused by dust that scatters sun- 
light (as in the zodiacal light), and the 
K corona coming from scattering by free 


electrons in the sun’s outermost atmos- 
phere. 

The direction of the polarization in 
the sense of the magnetic vector in the 
electromagnetic wave was found to be 
radial within +1°. This shows that the 
light of the K corona is scattered, and 
has a negligible contribution at these 
wave lengths from synchrotron radiation. 
Ihe results therefore did not substantiate 
a theory Drs. Kellogg and Ney had pre- 
viously proposed, that the corona might 
consist of charged particles trapped in a 
magnetic field and producing synchro- 
tron radiation. 

Three government agencies supported 
this program: Office of Naval Research, 
National Science Foundation, and Na- 
tional Aeronautics and Space Adminis- 


tration. 





Radio astronomer V. V. Vitkevitch, 


from the Physical Institute of the 
U.S.S.R. Academy of Sciences. 
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Amateur Astronomers 


NORTH-CENTRAL CONVENTION 
HE senior and junior societies of 
Madison, Wisconsin, were hosts for 

the 14th annual North-Central regional 

meeting of the Astronomical League, May 
21-22. Sessions were held at the University 
of Wisconsin. 

After a welcome from Dr. Arthur D. 
Code, head of the university’s astronomy 
department, Charles H. Giffen spoke, on 
novalike variable stars, and Tim Wyn- 
gaard told of his experiences with the 
American expedition to the Canary Islands 
for the total solar eclipse last October. 
At the instrument session, Craig Shurr 
described a portable telescope, Harold 
Watson the need for quality amateur 
instruments, and Phil Gloser the con- 
struction of a filar micrometer. 

There were talks on observing, fol- 
lowed by a question-and-answer period 
with a panel of experts, and a time-lapse 
color movie of the planets taken through 
Mount Wilson Observatory’s 60- and 100- 
inch telescopes. The convention banquet 
speaker that evening was Dr. C. M. Huffer, 
University of Wisconsin, on “Astronomy 
and Scenery in Arizona.” 

A junior session was held Sunday morn- 
ing, after which there was a field trip to 
Pine Bluff Observatory to inspect the 
36-inch reflector. Next year’s meeting will 
be held in Urbana, Illinois. 

JOSE HERNANDEZ 
529 Mackubin St. 
St. Paul 3, Minn. 


COCOA, FLORIDA 

Formed a year ago by three juniors, 
the Central Brevard Junior Astronomical 
Society now has eight members and _ has 
joined the Southeast Region of the Astro- 
nomical League. 

The club meets biweekly at 7:30 p.m. 
Thursdays at the home of its advisor, 
Mrs. A. L. Kleinfeldt, 1205 Montclair Rd., 
Cocoa, Fla. There is usually observing 
with the group’s five telescopes, the 
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largest of which is an 8-inch reflector 
built by Mrs. Kleinfeldt. 

Correspondence with other junior so- 
cieties, exchanging project news and ideas, 
is welcome. 


WESTERN AMATEURS 
CONVENTION NOTES 


“Astronomy Advances with Amateur 
Assistance” is the convention theme of the 
Western Amateur Astronomers meeting 
at San Jose, California, August 23-27. 
Cosponsors are the San Jose Amateur 
Astronomers and the Peninsula Astro- 
nomical Society. 

Sessions will be held at the San Jose 
municipal auditorium, which is diagonally 
across the street from convention head- 
quarters, the St. Claire Hotel, located at 
San Carlos and Market streets. Field 
trips are planned to Lick Observatory, 
Ames Research Center of the National 
Aeronautics and Space Administration, 
and Stanford University’s radio research 
installation. 

Until August 23rd, registration — is 
$2.50 per person or $4.00 a family, and 
may be sent to Mrs. E. Pollock, 4460 
Columba Dr., San Jose, Calif. Display 
space is available from E. Kingman, 2407 
Woodland Ave., San Jose, Calif., while 
Robert T. Jones, 840 Lincoln Ave., Palo 
Alto, Calif., is in charge of program-time 
requests. 


NEW HAMPSHIRE AMATEURS 


Dr. Harlow Shapley, former director of 
Harvard Observatory, was guest speaker 
at the first statewide meeting of New 
Hampshire amateur astronomers on May 
14th. Thirty-five persons from societies in 
Manchester, Nashua, and keene attended 
the lawn party, sponsored by the Man- 
chester Astronomical Society at the home 
of one of its members in Merrimack. 

DAVID E. PICKERING 
R.F.D. 2 
Reeds Ferry, N. H. 
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Members of the Central Brevard Junior Astronomical Society. From left to 
right: Diane Lloyd, Perry Butler, Charles Spieth, David Larimer, Peter Braden, 


Arthur Lloyd, Jean Lloyd, an 
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Mrs. A: L. Kleinfeldt. 


Amateur Briers +++ 


‘The Amateur Astronomers Association 
of New York City, the largest local society 
in the country, has applied for member- 
ship in the Astronomical League. It be- 
comes the 35th group to belong to the 
Northeast Region. 

Potluck. For their May meeting, the 
Portland (Oregon) Amateur Telescope 
Makers and Observers were asked to 
“bring your wife, some food, your eating 
equipment. If your name_ begins 
with a letter from A to L, bring a hot 
dish for dinner; if M to Z, a salad.” 

Summer courses in astronomy are being 
given in Wheeling, West Virginia, and 
Charlotte, North Carolina. Friday eve- 
ning sessions are offered at the Speidel 
Observatory of Oglebay Institute in 
Wheeling, while the Charlotte Amateur 
Astronomers’ Club is sponsoring 8 p.m. 
classes at the Children’s Nature Museum 
on July 11th, August 9th and 16th. 

Jerry Logan discusses making fiber- 
glass telescope tubes in the May Star 
Gazer of the Bergen County (New Jersey) 
Astronomical Society. “If made properly, 
the tube will be as strong as aluminum, 
but only two-thirds the weight. The 
simplest way is to put the fiberglass 
on a cardboard tube.” 

On May 12th, two days after celebrat- 
ing the 11th anniversary of its opening, 
the Morehead Planetarium at Chapel 
Hill, North Carolina, welcomed its mil- 
lionth patron, Ann Causey, a 4th-grade 
student from Greensboro. She received 
appropriate astronomical gifts from the 
director, A. F. Jenzano. 

Other amateurs might consider the sug- 
gestion made in the Galactic Report ot 
the Junior Astronomy Club, New York 
City. “When observing this summer, 
make two copies of your observations; 
one for yourself and one for the club.” 

Hot weather item. From the Star Dust 
of the Astronomical Society of Harris- 
burg, Pennsylvania: “The absence of any 
report from our group in Sky AND TELE- 
scoPpE about the recent lunar eclipse is 
unfortunate. Surely we got as cold as 
anyone else did.” 

The Redlands Astronomical Society, 
in San Bernardino, California, recently 
changed its name to the Valley Amateur 
Astronomers. Mrs. E. Patterson, 2842 
Fremontia Dr., San Bernardino, Calif., is 
the secretary. 

Information about the five-member San 
Diego Astronomical Society may be se- 
cured from its president, Daniel A. Poole, 
Jr., 1601 Robinson Ave., San Diego 3, 
Calif. 

The Cincinnati (Ohio) Astronomical 
Society adds to its collection of astronomi- 
cal slides by inviting members to try their 
hand at astrophotography with one of the 
society’s telescopes. Available are 14- 
inch and 16-inch reflectors, an 8-inch re- 
fractor, and smaller instruments. 

H. M. C. 
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GETTING ACQUAINTED WITH ASTRONOMY 


THE PLANETS — VENUS — II 


ARADOXICALLY, Venus is the easiest 

and at the same time one of the most 
difficult of the planets for telescopic obser- 
vation, as indicated in our first install- 
ment on page 416 of the May issue. ‘he 
beginner with a very small telescope can 
enjoy viewing the phases of Venus, espe- 
cially when the illuminated disk is a 
crescent, as will be the case next February 
and March. On the other hand, a serious 
study of the elusive dusky surface mark- 
ings by visual means requires much skill 
and experience on the part of the observer. 

The great handicap presented by Venus 
is the dazzling brightness of its cloud- 
covered surface. Not only can the glare 
efface true features, but it gives rise to 
spurious ones, as a result of excessive con- 
trast with the dark sky. Much of the art 
of observing this planet consists of dis- 
tinguishing between actual and _ false 
markings, and in minimizing the latter 
through careful choice of techniques. 


INSTRUMENTS 

For systematic studies of the Cytherean 
surface, many experienced amateurs pre- 
fer relatively small telescopes of fine 
quality — 4-inch refractors or 6-inch re- 
flectors. At these modest apertures, the 
glare of the planet is less troublesome. 
With small instruments or large, however, 
it is much better to observe in twilight 
or by day, rather than after dark. 

Besides lessened glare, the advantages 
of day observation include the possibility 
of viewing Venus for hours at a stretch, 
and at times when it is high above the 
horizon. Locating the planet in the day- 
time is easy with setting circles, but these 
are not essential, as it usually can be 
found with the unaided eye. 

When Venus is a narrow crescent close 
to the sun, around the date of inferior 
conjunction, it is very helpful to add 
a cardboard extension to the telescope. 
Such a sun shield, two or three feet long, 
greatly reduces troublesome stray light. 
Users of portable instruments may take 
advantage of the shadow of a neighboring 
building to shield them from direct sun- 
light. During day observations of Venus, 
great care must be taken to avoid bring- 
ing the sun into or near the field of view, 
as its blinding dazzle might damage one’s 
eye permanently. 





The faint gray shadings of Venus are shown in these 1949 drawings by American 

amateurs. Left, T. Cragg on July 27th used a 12-inch refractor at 125x for his 

sketch, where dashed outlines indicate brighter areas. Note the similarity of 

the markings in the other two pictures, by E. J. Reese on August 7th with a 

6-inch reflector, 240x, and on August 9th by C. B. Stephenson using a 6-inch 
refractor, 200x. The contrasts are exaggerated. 


Systematic observers of Venus who use 
4- to 6-inch telescopes generally favor 
powers of 200x or less. Particularly in 
daytime work, changing to a lower mag- 
nification appears to enhance the visibility 
of surface features. The French planetary 
expert A. Dollfus points out, however, 
that spurious dusky markings on the disk 
are more pronounced with low power, 
and he recommends 350x or higher to 
eliminate them, on the basis of his ex- 
perience with large instruments. 


SoME OBSERVING PROBLEMS 


Among the most frequently recorded 
surface features are brighter patches near 
one or both cusps of the planet’s crescent. 
These cusp caps undergo well-known 
alternations in conspicuousness, one or 
the other sometimes dominating for weeks 
or months at a time. From a study of 830 
observations by 34 amateurs in 1944-56, 
J. C. Bartlett, Jr., noted that, when only 
one of the cusp caps is visible, the south- 
ern one is reported twice as often as 
the northern. This is one of the few 
definite results found for these features, 
which deserve systematic watching. 

Another problem involves discrepan- 
cies between the actual and _ predicted 
phase of Venus. At western (morning) 
elongation, the disk appears exactly half- 
illuminated several days later than pre- 
dicted; at eastern elongation, this 
dichotomy is observed earlier than ex- 
pected. Although the effect is conspicu- 
ous, it has not been completely explained, 


and remains a favorite subject for obser- 
vation by amateur groups. The simplest 
way to determine the time of dichotomy 
is to examine the planet daily around 
the epoch of elongation, noting the date 
on which the terminator (edge of sunlit 
portion) appears perfectly straight, rather 
than convex or concave. 

But the phase anomalies are not con- 
fined to this. By definition, the phase of 
Venus is the numerical fraction of the 
disk that is illuminated. It is also equal to 
the distance, expressed as a fraction of 
the planet’s diameter, between the bright 
limb and terminator, measured along the 
diameter perpendicular to the line of 
cusps. This distance is easily scaled on care- 
ful drawings of the planet, or it may be 
directly estimated at the telescope. Thus it 
is possible to compare the observed phase 
with the predicted (tabulated in the Amer- 
ican Ephemeris) while Venus is crescent or 
gibbous, as well as at the time of dichoto- 
my. Some results of this kind may be 
seen on page 520 of the August, 1958, 
SKY AND TELESCOPE. 

Because Venus has a dense atmosphere, 
when this planet is nearly between us and 
the sun its thin crescent extends through 
more than a semicircle. On several oc- 
casions, the planet has been seen as a 
beautiful, complete ring of light. 

These appearances are shown in photo- 
graphs taken in 1940 with a 6-inch reflec- 
tor by J. B. Edson and a group of 
California Institute of Technology stu- 
dents. They traveled to Table Mountain, 





This day-by-day sequence of Venus photographs was taken in 1940 as the planet was moving past the sun at inferior con- 
junction, causing the crescent to swing around rapidly. Note that the crescent extends through more than a semicircle, 
the prolongation being due to refraction and scattering of sunlight in the Venus atmosphere. Photos courtesy J. B. Edson. 
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California, expressly to observe the in- 
ferior conjunction of Venus that June, 
and secured more than 2,000 photographs 
over a period of several days. An im- 
portant finding was of irregularities in the 
slender cusp extensions, indicating struc- 
ture in the planet's atmosphere. 

When Venus is within a month or two 
of inferior conjunction, observers have 
occasionally noted that the hemisphere 
not illuminated by the sun nevertheless 
appears faintly visible. This ashen light, 
though known for over two centurigs, is 
still imperfectly understood, and is be- 


Aus. 3, 1958 Au. 15,1958 


- 


Aus. 24,1956 
$s 


“VENUS~ 


lieved by some astronomers to result from 


auroral activity in the atmosphere ol 


Venus. records of the visi- 


bility or nonvisibility of the ashen light, 


Systematic 


if they were continued for a long period, 
would be useful. Existing reports are too 
scattered to demonstrate, for example, 
whether or not the 


changes during the 


rate of occurrence 


solar cycle, as we 


might were actually an 
auroral phenomenon. 

To see the ashen light, it is helpful 
to place an occulting bar in the eyepiece 
for masking the crescent. On 
very rare occasions, the luminescence ap- 


expect if it 


bright 


pears mottled, or extends over only part 
of the planet's night side. 

For visual observers, the dusky mark- 
ings of Venus are of special interest, 
despite their difhculty. As Patrick Moore 
states in his book, The Planet Venus, 
“. .. the surface markings are vague and 
impermanent. Even the more conspicu 
ous of the dusky shadings on the disk are 
so elusive that it is almost impossible to 
fix their positions with any accuracy; 
moreover, they change so quickly that it 
is unusual for any particular feature to 
be identified for 
days running.” 

It has 
experiments, in 


more than two or three 


been demonstrated by model 


which drawings were 


made of illuminated .blank spheres as seen 


through telescopes, that spurious shadings 
can appear that closely resemble those on 
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Mr. Moore com- 
be termed the 


many Venus drawings. 
ments: what may 
‘real’ dusky shadings are visible only with 
larger telescopes. I have experimented 
with various instruments, mainly my 3- 
inch refractor and 6-inch and 12}-inch 
reflectors, and have found that when con- 
ditions are good the 12}-inch wil! always 
show most detail. Nearly always the disk 
as seen through the 3-inch appears blank.” 

Some fine drawings of Venus, showing 
a structure of parallel shaded bands, were 
obtained in August, 1958, by Dale P. 
Cruikshank, Des Moines, Iowa, when he 


Aus. 16,1958 


Dale P. Cruikshank 
made these Venus 
sketches with the Yerkes 
40-inch refractor, at re- 


/ duced apertures. The 
/ dusky shadings were 
y much fainter and more 


diffuse than as seen here, 
contrast having been ex- 
aggerated for better re- 
production. On half the 
occasions when Mr. 
Cruikshank viewed Ve- 
nus with the large tele- 
scope, the disk appeared 
blank, even in good see- 
ing. From the “Strolling 
yf Astronomer.” 


10-inch Yerkes refrac- 
results were with the ob- 


had the use of the 
tor. His best 
jective stopped down to between 18 and 
36 inches, and a power of 550x. 

This banded pattern is much more con- 
spicuous on photographs taken with ultra- 
violet light than it is visually. For the 
advanced amateur, therefore, a photo- 
graphic program may prove particularly 
rewarding. A transmission filter consisting 
of a thin layer of silver deposited on glass 
can be used, since it will pass near-ultra- 
violet light though reflecting longer wave 
lengths; for the same reason, the telescope 
mirror should be aluminized rather than 
silvered. Another technique to be ex- 
plored is the use of an image converter 
attached to the eye end of a telescope, 
to make the ultraviolet markings directly 
visible. 


METHODS OF OBSERVATION 


The however, will 


yrefer a visual observing program that 
5 fe) 


average amateur, 
does not require elaborate accessories. 
Color filters similar to those for pho- 
tography are very useful, as they some- 
times accentuate indistinct details, such 
as the cusp caps and vague light or dusky 
areas. Eastman Wratten filters are excel- 
lent for this purpose, and 25A (red), 
K2 (yellow), X1 (light green), and C5 
(blue) can be suggested as a basic set. 
Some detailed recommendations on appli- 
cations of filters to planetary observing 


were given by C. F. Capen, Jr., on page 
517 of the August, 1958, issue. 

As in planetary work generally, a draw- 
ing of Venus is of litthe use unless it is 
labeled with the date and time of obser 
vation. The record should also include 
such information as the quality of the 
seeing and sky transparency, the aperture 
and the magnification employed, and the 
apparent disk diameter (from the Ame?- 
ican Ephemeris). The value of a drawing 
is increased by a word description. 

Some observers use a numerical scale 
for the estimated intensities of different 
features. ‘The Association of Lunar and 
Planetary Observers employs a range from 

5 for the brightest areas, through 0 for 
the average of the disk, to +5 for the 
darkest regions. A different system has 
heen adopted by the British Astronomical 
Association, ranging from 0 (white) to 
10 (black); Venus shadings seldom exceed 
2 on this scale. 

Amateurs who plan to take up system- 
atic observations of Venus will want to 
contact others with similar interests. The 
Venus recorder of the ALPO is Dr. James 
C. Bartlett, Jr., 300 N. Eutaw St., Balti- 
more 1, Md. Another active group is the 
Venus section of the BAA, directed by 
Patrick Moore, Glencathara, Worsted 
Lane, East Grinstead, Sussex, England. 

Reports of the work done by these 
groups are published in ALPO’s Strolling 
Astronomer, and the Journal and Memoirs 
of the BAA. The large number of Venus 
observations they contain affords much 
ready-made material for the amateur who 
has new ideas to test. In this way, some- 
one who does not have the opportunity to 
make telescopic studies may be able to 
throw fresh light on some of the many 
puzzles of Venus. 





{UGUST KOPFI 

One of Germany’s leading astronomers, 
\ugust Kopff died unexpectedly on the 
evening of April 25, 1960. He was emeri- 
tus professor of astronomy at Heidelberg 
University. 

Born on February 5, 1882, Dr. Kopff 
studied at Heidelberg and became as- 
sistant to Max Wolf at K6nigstuhl Ob- 
servatory, where he discovered 
and photographed — galaxies. 
From 1924 to 1954 he was director of the 
Astronomisches Rechen-Institut  (Astro- 
nomical Computing Institute), first at 
Berlin-Dahlem and after the war at 
Heidelberg. Also, from 1947 to 1950 he 
was director of K6nigstuhl Observatory. 

As an expert on star positions, Dr. 
Kopff planned and supervised the con- 
struction of the FK3, a catalogue giving 
extremely precise co-ordinates and proper 
motions of 1,535 fundamental stars. In 


many 
asteroids 


addition, he was responsible as chief of 
the Rechen-Institut for the publication 
of the Berlin astronomical ephemeris, 
and for the annual volume of 
predictions, Kleine Planeten. 


asteroid 








From Any Point of VIEWING... 
Quality Means Finer Performance 


Enjoy the Professional Features and Exquisite Optics of Any of These 4" Dynascopes” 


Check the continuing list of professional-type features offered by these how any DYNASCOPE makes your dollars go further. All these are reasons 
DYNASCOPES.”. . . Many exclusive in their respective price field. Notice why more serious amateurs, colleges, and clubs make Criterion instruments 
how carefully each component is finished to the last detail to ensure their first choice for superior quality and dependable performance. 


longer life and a more attractive appearance. Compare the price and see 


4-INCH STANDARD 


DYNASCOPE 


The advanced design of this 
precision-made instrument 
includes many professional- 
type features essential for 
superior viewing — some so 
new that they were not even available 
on our more expensive Dynascopes just a 
year or so ago. Constructed of the finest 
quality materials, each component is skill- 
fully engineered for dependable operation 
and fully finished for attractive modern 
appearance. And, in the true Dynascope 
tradition, this thrifty 4-inch model brings 
you all the superior advantages of Criterion’s 
superb optical system. You can order this 
rich-looking reflector with complete 
confidence that it will deliver all the 
performance it promises. Twice-tested 

to U.S. Government standards before 
it leaves our factory, it must also 
meet your test of satisfaction 
or you may return it for 

full refund. Send check 

or money order today 

for prompt delivery. 
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DYNASCOPE “Se 




















with heavy-duty 
mount and 
new Rotation Rings 


A truly scientific instrument with 

all the features of our standard 
model plus extra advantages for even 
finer viewing. Larger and heavier 
mount (weighs over 12 lbs.) is fully 
equatorial. Saddle has felt-lined 
rotation rings that permit tube 

\ to be quickly positioned for 
\ accessories or to bring eye- 
\ piece into more comfort- 
able viewing position. 


Complete For Only 


$4995 


f.o.b. Hartford j 


Shipping Wt. 16 Ibs. / / 
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Model K-2B 
Complete For Only 


@ EXQUISITE 4-INCH PARABOLIC PYREX 
_ f.0.b. Hartford a MIRROR accurate to Ye wave. For famed 
Shipping Wt. 26 Ibs. D . to 
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Available with — pyw.0-MATIC ELECTRIC DRIVE, totally enclosed, 
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right ascension. Rugged cast-iron construction. @ 3 STANDARD 114” 
EYEPIECES: 18-mm. Huygens, 9-mm. Achromatic Ramsden, 7-mm. 
Achromatic Ramsden, for 65X, 130X, and 167X. @ 4X ACHROMATIC 
FINDERSCOPE with crosshairs, micrometer focusing and adjustable 
collimation. @ RACK-AND-PINION DOUBLE-DRAW EYEPIECE HOLDER 
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positive. @ PROFESSIONAL-TYPE STEEL TRIPOD with fast-fold legs for 
easy portability. Extra stability in vibration-free design. 


@ CLASSIC 4-INCH PARABOLIC PYREX MIRROR guaranteed to perform to Dawes’ limit 
for its size. Aluminized and coated with zircon quartz. @ QUICK-ACTION EQUATORIAL 
AND ALTAZIMUTH MOUNT with fingertip control. Simple twist locks mount instantly or 
sets for any drag desired. Free-moving polar axis (small setting circle for declination). 
© 4-POWER CROSSHAIR FINDERSCOPE with coated achromatic lenses, for greater accuracy, 
easier spotting. Screw-type micrometer focus. Extra-large field of view. (Supporting 
bracket with collimation adjustments.) @ RACK-AND-PINION EYEPIECE FOCUSING for 
smooth, precision focusing without lash or jerk. @ 3 COMPOUND EYEPIECES: 18-mm. 
Huygens, 9-mm. Achromatic Ramsden, 7-mm. Achromatic Ramsden, for 65X, 130X, 167X. 
Completely threaded precision units. Clear, sharp views to extreme edges. @ LIFETIME 
45" REINFORCED BAKELITE TUBE with hand brass trimmings. Fits snugly into fully 
contoured saddle. Attractive optical-black finish. @ TRIPOD OF HARDWOOD folding legs 
guarantees stability. Special position locks prevent collapse. Completely portable, folds 
up without disassembling. P 


SUPER DELUXE 
ELECTRIC 4-INCH 
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with features formerly 
found only in the 
finest reflector 
telescopes! 
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For those who want the ultimate in an electrically driven 4-inch reflector! 
This top-performing new DYNASCOPE is actually a 4-inch duplicate of our 
DeLuxe 6-inch model. You get such truly fine features as a 6 x 30 achromatic 
finderscope, a fully rotating tube for more comfortable viewing, and a superb optical 
system that includes five of our finest eyepieces — four achromatic and one 
orthoscopic. You won't find a finer 4-inch reflector anywhere! 


e@ EXQUISITE HAND-CORRECTED 4-INCH PARABOLIC MIRROR accurate to better than Ye wave. 
Made of pyrex. Aluminized, overcoated. Triple tested. Mounted in removable cell. @ ADVANCED- 
DESIGN EXTRA-HEAVY-DUTY EQUATORIAL MOUNT with oversize castings and fingertip control. Ad- 
Model RV-4 justable for latitude. Absolutely smooth action. Rotating base for easier orientation. @ SETTING 
CIRCLES for both right ascension and declination assure faster location of specific object. @ SLOW 

Complete For Only MOTION in declination. @ 5 SHARP-VIEW EYEPIECES: 18-mm. Achromatic Ramsden, 12.7-mm. 
Achromatic Ramsden, 9-mm. Achromatic Ramsden, 7-mm. Achromatic Ramsden and 6-mm. Ortho- 

$1 59% scopic, for 65X, 100X, 130X, 167X, and 220X. All precision-threaded, standard 11/4’’-diameter 
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fous darted ACHROMATIC FINDERSCOPE with crosshairs and extra-firm twin-post mounting. Micrometer focus- 
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tapered shank ends. Includes spreaders and heavily reinforced joints. No danger of collapse, side- 
play, or wobble. Sets up quickly anywhere; folds easily and compactly for complete portability. 


OTHER DYNASCOPES AVAILABLE IN 3-INCH TO 16-INCH MODELS — Quality engineering of precision 
instruments does not permit mass production. Consequently supply is limited. For early delivery 
X send your check or money order today, or write for free brochure. 
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Manufacturers of Quality Optical Instruments and Equipment 


Dept. STD-58, 331 Church St., Hartford 1, Conn. 
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MIRRORS 
Diam. Focal Length Price 
DE | sae ....$39.95 postpaid 
eS 48”... . 58.95 postpaid 
Oe Gasca $$”, ....109.90 postpaid 


These mirrors are accurate to 4% wave length 
or better and are free of defects including 
chips, scratches, and pits. Aluminized reflec- 
tive coating is protected with quartz over- 
coating. We invite you to test and compare 
these with mirrors selling for more. Returnable 
within 15 days if not pleased. 


OVERSTOCKED 


114”-minor-axis elliptical diagonals, alumi- 
nized and quartz over-coated. Made of extra- 
thick fine-annealed pyrex. Flat to 4% wave or 
better and free of any defects. While they 
last. Only $5.95 each, postpaid 


MOUNTED BARLOW LENS 
= This is a special 
simple lens that 
fits neatly into 
your 114” focuser 
and takes any 
14” O.D. eye- 
Easily 
doubles or triples power of your present tele- 
scope. No adapters or adjustments necessary. 
$7.50 postpaid 
Unmounted Barlow lens, 114” diam. 
$3.00 postpaid 


BAUSCH & LOMB RED ROUGE 
This comes only in factory-sealed cans and 
is highly recommended for those who want the 
best. Prompt shipment from stock. 

Packed 5-lb. can, $8.00 postpaid 
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lots of lenses, eyepieces, objectives, and the 
like. 





Write for free catalog. 


NYE OPTICAL CO. 
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USED TELESCOPES ON HAND 


1 — 5” refractor, equatorially mounted. Complete 
with H & W Optical Co.’s Mark III drive; 
setting circles; large Unihex with Super- 
Unihex eyepiece, two Brandon and two J. W. 
Fecker oculars; erecting prism; camera adapt- 
ers; and many other small items. A real 
de luxe telescope my own — in use at 
my home. 

1 -— Unitron 3” altazimuth refractor, Model 140. 
Complete with Unihex and several accesso- 
ries; original boxes. Cost $300.00 new. 

$175.00 

1 Skyscope, same as has been advertised in 
Sky and Telescope for years. Complete with 
two oculars, tripod, and so forth. $32.50 

1 — Goto Hy-Score refractor, Model 451. 900 mm., 
2.4”, altazimuth mounting. Like new. $99.00 

2 — Bushnell 35-mm. Teledapters. Each, $15.00 

1 — NEW! 6” telescope, constructed in our shop. 
Has entire Cleveland Astronomics equatorial 
mounting, with setting circles, tripod, 6” 
Criterion mirror, one Brandon eyepiece. Com- 
plete in all respects, with finder. $225.00 


Just Arrived from Scotland — 

Charles Frank 6” f/8 mirrors, complete with 
matching prisms. $60.00 
The reputation of Charles Frank is world-wide. 
We import directly. Satisfaction guaranteed or 
money refunded. 


ALL USED EQUIPMENT SUBJECT TO PRIOR SALE. 


Before you buy or trade a 
telescope or radio amateur 
gear, see WARD W2FEU 
for the best deal. 





Established 1936 


ADIRONDACK 
RADIO SUPPLY 


P. O. Box 88, Amsterdam, N. Y. 
Ward ]. Hinkle, W2FEU — Owner 
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Universal time (UT) is used unless otherwise noted. 


NOTES ON Stx LUNAR PROBLEMS 


N THIS DEPARTMENT for March, 
1958, there was a list of six lunar for- 

mations, in the neighborhood of Mare 
Nectaris, whose published descriptions 
were contradictory. I have attempted to 
answer these questions by the observations 
reported here. 

Drawings made at the telescope of the 
moon’s surface often contain too much 
error and personal interpretation, while 
photographs taken with amateur instru- 
ments are generally lacking in fine detail. 
Hence, in observing the moon with my 
12}-inch reflector, approximately halfway 
through a period of visual observation I 
take several negatives through a 7-mm. 
or 4-mm. eyepiece. The camera used is 
like the one described by Jack Eastman 
on page 510 of the July, 1959, issue, and 
takes 31-by-41 film, usually Kodak Royal 
Pan. 

Afterward, light 9x enlargements are 
made from the negatives on G-2 Koda- 
bromide paper. On these, shadows and 
intermediate densities are increased with 
B and BB drawing pencils and stumps, 
and I add visually observed fine details 
with the same tools. Two examples of 


such pictures accompany this article. The 
technique is not new, as J. N. Krieger 
used it many years ago for his beautiful 
lunar atlas. 

The six lunar formations are listed here 
by the same numbers as in the 1958 article. 

1. The nature of the feature Fracas- 
torius Y was in doubt. My observations 
show that under a morning sun (colongi- 
tude 329°) it appears as a narrow valley. 
Under an evening sun (colongitudes 129° 
and 141°) it was seen and photographed 
as three fused rings, the most northerly 
being the largest. The southernmost ring 
is offset to the east of the line formed by 
the other two. 

2. Older maps disagree as to the num- 
ber and arrangement of minor features in 
the vicinity of Rosse. This crater stands 
to the south of the junction of two ridges, 
which trend in a generally northerly di- 
rection across Mare Nectaris. Just south 
of the junction, another ridge runs south- 
west toward the crater Fracastorius B, and 
a fourth links the system to Rosse. With 
poor seeing, two elongated bright eleva- 
tions (marked h on my sketch) were visible 
on the northern ridges; a pair of craterlets 
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Circled numbers identify the six lunar areas described in S. R. B. Cooke’s 

article, all of which have presented puzzles in interpretation. South is at the 

top in this key chart, which has been adapted from “Kritische Mondkarte,” 
published in 1941 by H. I. Gramatzki in Germany. 











These drawings were made by Dr. Cooke, by the method described in his article, the visually detected details being added 

a photograph taken with his 123-inch telescope on December 18, 1959. Left: the region of Bohnenberger B. The large, 
low ring just right of center is Bohnenberger A, bisected by a ridge. B is the delicate small ring interrupting the right 
wall of A. The very large crater at the upper left is Santbech. Right: Gutenberg is the great crater below center, with 


the deep craterlet A on its right. 


Above and to the right of A is the small low-walled ring described in the text. 


Note the 


system of parallel rills in the lower left portion of this picture. 


at the junction; and a crater pit on the 
fourth ridge. Southeast of Rosse are two 
fused craterlets. 

3. The existence of Neison’s rill Xi 
near Rosse has been in doubt. Its south- 
ern half was held clearly under both 
morning and evening illumination (co- 
longitudes 329° and 141° respectively). 
It appeared in the form of an enormous 
integral sign lying under the ridge from 





OC 





near Bohnenberger F to the northwest 
wall of Fracastorius. 

4. Miadler’s crater Bohnenberger B has 
been missed by some later observers. It 
was seen at colongitudes 329° and 129° 
as a nearly circular ring, occupying the 
gap in the east wall of Bohnenberger A. 
The walls of B are low, the eastern sec- 
tion being higher than the western, which 
obtrudes on the floor of A. Both craters 
have floors of the same hue, and lighter 
than the mare to the east. Just south of 
B, the rampart of A casts a pronounced 
shadow. As the drawing indicates, A is 
divided in half by a meridional ridge, the 


floor to its west being darker than to the 
east. Just west of the conspicuous small 
crater Bohnenberger G are two little 
pits and a white spot. 

5. The question has been debated 
whether the object just southeast of 
Gutenberg A is a crater or merely a shal- 
low depression. My inspection showed 
that it has a flat floor and a low, thin 
wall. A craterlet interrupts the west wall, 
but otherwise the object is like Bohnen- 
berger B. 

In the accompanying drawing of this 
area are other features meriting observa- 
tion. P is a plain partly enclosed by hills 





Read This Advertisement 


| Here is a combination of a Barlow and a particular ocular which gives outstanding results. 
| It consists of our new Barlow and our 16.3-mm. (%” focal length) Erfle eyepiece. While the 
| Barlow was not specifically designed to work with this eyepiece, it does so to an astonishing 
degree. All images are sharp and hard to the very edge of the field. 

The Barlow gives magnification up to slightly over three times that of the ocular alone. 
It is achromatic, coated, and mounted to the U. S. standard size of 1.250 inches. 

The modified Erfle eyepiece has a field a 75 degrees with excellent eye relief. The 
combination gives an equivalent focal length of slightly under 6 millimeters. Many users state it 
is far superior to any shorter focal length ocular of equivalent magnification. 

The Barlow sells for $16.00 postpaid, and the Erfle for $15.30 postpaid. 
teed to perform as stated above or money refunded. 


ORTHOSCOPIC OCULARS—All hard coated, standard 1'/;-inch outside diameter. 


AOE caisessicctevesass $15.60 — LO.S-AWD. ...02csceccese0e $16.80 = 4-mm. ...........000+ . $17.70 
16.3-mm. (Erfle) .... $15.30  Z-mm. o.....cecceceeeeeee $17.70 Barlow 3x ........ $16.00 


Tbescopi cS 


6565 Romaine Street 
Los Angeles 38, Calif. 


Both are guaran- 





IN 


The environs of the crater Rosse, as 

observed by the author with a 12}-inch 

reflector. Rosse is six miles across, and 

Rosse C two miles. Two raised areas 

are labeled “h.” In all pictures with 

this article, south is above, and east is 
to the right. 











Warranted to equal or surpass any oculars obtainable 
anywhere or money refunded. 


Finished mirrors, mirror kits, spiders, elliptical flats, 
focusing devices, aluminizing. 


Send for catalogue. 
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Get more telescope for your money ... build the 


guaranteed 6" CLEVELAND quickly and easily 


If you build your own 6” reflector, Cleveland 
Astronomics can supply avd guarantee* every 
part you need. You'll get three important ad- 
vantages: first, every Cleveland part is a com- 
ponent of a balanced design, engineered to 
match and machined to fit; second, you won't 
need to search out unrelated parts, then cut 
and fit them to build your telescope; and third, 
you will own a fine instrument at a subst&ntial 
saving. 





C.A. products are in use throughout the U. S 
and as far away as Tasmania. They have been 
purchased by observatories, colleges, schools, 
laboratories, and the U. S. Army. 


FEATURES: Rotating base permits easy align- 
ment and locking on north. Rotating tube 
with positive-locking tube clamp. Husky, vise- 
grip latitude adjustment is casy to set, stays 
put. Rigid, high-strength aluminum construc- 
tion. No rust. Extra-long bearings and large 
brakes give precise control. Legs open to fixed 
position, close easily for carrying. Parts ma- 
chined to close tolerance for smooth, trouble- 
free operation. Easily assembled with simple 
tools. 














Beaumont A’s central hill is conspicu- 
ous in Dr. Cooke’s drawing with his 
EQUATORIAL MOUNT Heavy-duty 12” saddle, tube clamp, axle bearings, 121-inch reflector. There had previ- 


rotating base, tripod top, tapered channel legs, and extra pier top are cast 

aluminum. Axles are 114” ground and polished steel. Bearings are 514” ously been some uncertainty whether 

long. Large-area brakes, knurled bronze-aluminum alloy adjusting knobs. this feature existed. Beaumont A itself 

Brass thrust washers at all friction points. Knurled knobs lock rotating base A ; 

in V groove in tripod top, release for easy transfer to permanent pier. Latitude is about five miles across. 

idjustment 0° to 55°. Cadmium-plated latitude and leg bolts, _ and 
$79.5 


washers. Weight 23 lbs. For 6” telescope f.0.b. 1 maid | tl nog 
and mountains, whose north part is oc- 
For 8” telescope (specify tube O.D.) 89.50 f.o.b. " I Polar 
cupied by a gently swelling object similar i 
COUNTERWEIGHT 121) Ibs., 1” or 114” bore 5 5.95 f.0.b.| to a dome, with a central summit pit. 
. - ae i aes ee 
EXTRA PIER TOP for permanent mount wien coovee $.95 f.0.b,, South of P is a shallow, elongated depres 
cae . etiies | with no perceptible walls, resembling 
7” O.D. x 60” x .064” wi . i .0.b. : 
UM TUBE Re eee the saucers in Ptolemaeus. 
6” MIRROR CELL Solid plate protects mirror. Ring housing reduces con- The crater D, northeast of Magelhaens, 


vection currents. Improved clips hold mirror without pressure. Shockproof, - 
cushioned adjustments prevent vibration, keep mirror in collimation. No has a partly breached west wall. Running 
BS f —” can . 

springs. Cast aluminum, machined for 7” O.D. tube. Attaching screws in from the north end of D is what seems 
cluded oorvescnseccccscscsscscesceseescesoeeeonecosesoceccesoeonescceseceeesseocesoneoete 8.35 ppd. . ' 
a rill, not shown on any map, extending 
8” MIRROR CELL Same adjustments as 6” cell, but housing fits inside tube. , ees ‘ T 

“ : Ps , > Te ir. > > oO. oO 
Specify tube I.D. when ordering. ............:csc0ceeee A : . 11.95 ppd. to the west wall of Gutenberg Though 
perhaps merely an escarpment, if pro- 
DIAGONAL HOLDER Fully adjustable, shockproof design. One turn moves cf asosasnetios : _ oor 
mirror .050”. Three screw adjustments give perfect control of mirror angle, longed eastward it would sania the wert 
make collimating easy. For 14" x 1%” elliptical diagonal mirror. Fits} ern end of the well-known rill crossing 


r DO ensuites diss soncnvanpebdebdeounu bass lanktaaeppecieabibscaincabisicmasrevaniadbees . : . 
iis s 7.95 wpa.) ihe floor of Gutenberg, shown in part in 
For tubes up to 10” diam. Specify tube I.D. ..... ce 9.15 ppd. ae : 
the drawing. 
14%” EYEPIECE HOLDER Acme-threaded brass sleeve in accurately machined 6. Authorities have disagreed whether 
aluminum housing gives smooth, micrometer-sharp wanniliees Only — mov: 
ing part. Stays where you Set it s..cccccc..scssssssssssssssssssssssssssessssssssveseeesssese 95 ppd. the crater Beaumont A has a central sum- 


: ; ; ! mit. Shortly after sunrise on this part of 
SETTING CIRCLES 5” cast aluminum with machined faces. 12”-wide matte- 4 I 


white scales have accurate black graduations and large, legible figures. 1” the moon, I could see a low round central 
te bore. Attach with setscrews. Specify shaft size. Pair 12.75 ppd. hill, there being no question of its reality. 


6” MIRROR Pyrex, f/8 parabolic, hand d figured to 1/10 wave or better, 48”| With a somewhat higher sun the central 
focal length plus or minus up to 144 pataie 2.50 ppd. hill was invisible, even though the seeing 








DIAGONAL MIRROR 1.250” x 1.770”, 1/10 wave .......... cess 6.50 ppd. | was much better and many more crater- 
EVEPIECES 114” Brandon orthoscopic oculars available in seven sizes: 4, 6, lets sectors detected. ‘The wall of Beaumont 5 
, 12, 16, 24 and Be IR IMMIOED ax sscucsibecesosuapeucovsbiecebhecdaidebvanesiaadeuplecetans 15.95 ppd. A is highest on the east, and at the north- 
west it is interrupted by a crater chain. 
ALL MECHANICAL PARTS, including setting circles, and complete _instruc- Also shown in the sketch is a low ridge 
AS TE UIA CS GB CUCU GIAIN aisescsss cescesenscencrecossesiassnesieiictesane 129.75 f.o.b. | running southeast to a hill, and to the 
ALL OPTICAL PARTS Mirror, diagonal, and one Brandon m ccthournats ocular| south of this ridge is a distinct crater from 
of your choice of focal length ........ sesnnnnnens - 87.45 ppd. which a three-crater row points toward 
6” CLEVELAND TELESCOPE including one Brandon eyepiece of your choice the ridge. From the crater there is either 
of power, assembled, painted, collimated, ready for use and packed for _ a narrow valley or a cleft extending 
ment ee Be eecetees : Lactaecsveedensteveamtnrnaniars ... 244.50 f.0.b. : ‘ © 
southeastward, parallel to the ridge. 
urned prepaid within ten days of receipt. N ef é STRATHMORE R. B. COOKE 
— rey School of Mines and Metallurgy 
didi '50b sales busine allObib- doders University of Minnesota ‘ 


C LEV t LA N D A $ T R 0 RK 0 M | C $ BOX 209, CHAGRIN FALLS, OHIO Minneapolis 14, Minn. 
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From a New York Ouestar owner, Mr. 
Meredith Wood: "I guess 'm what you'd 
call a frustrated amateur astronomer. Over 
the past 15 years I have built several tele- 
scopes and have bought a few; yet in- 
variably, through innumerable viewing 


sessions. | have had to put up with bulky 
apparatus and trembling capricious images. 

“When your ads first started appearing 
in Sky and Telescope, I must frankly admit 
that the Questar sounded too good to be 
true. Besides, knowing a little bit about 


optics. I did not believe it was possible to 
get the advertised results from so small 
an instrument. However, several months 
ago I had the opportunity to put a Questar 
through its paces and I was truly amazed. 
If anything, your ads are too modest.” 





LAY THAT BURDEN DOWN 


When you finally get tired of lifting and 
carrying your telescope in and out of doors, 
tired of setting it up and taking it down in 
chilly darkness — 

When you've had enough of heavy loads, 
of quivering tubes and images, enough of 
drives that falter and slow-motions that fall 
short — 

When you finally realize that it has be- 
come too much trouble to use your telescope 
any more because it only gives you an aching 


back and a pain in the neck — when you've 
had your fill of the whole unhandy con- 
trivance — send for the Questar booklet! 


The Questar booklet will tell you how to 
lay your burden down. No more lifting, no 
more toting, no more setting up of heavy, 
clumsy parts. Questar weighs but 7 pounds. 
It is always assembled, always ready to use. 

It will tell you how Questar stands alone, 
the only thing of its kind, with the latest 
kind of optics, the mixed lens-mirror system 
of the new catadioptric optics. How Questar’s 
folded focal length keeps it fabulously short, 
how so short a telescope can be as stiff and 





rigid as a great observatory instrument. It 
will tell you how Questar’s images are as 
rock-steady as a microscope’s, how its con- 
trols are ready to your fingertips, and how 
its 360° continuous slow-motions have a 
buttery smoothness with absolutely no back- 
lash at all. It will tell you of finer per- 
formance than was ever dreamed of from 
only 89 mm. of aperture, and prove that 
point by the amazing resolution of the photo- 
graphs it takes. 

But hold on — let the booklet tell you 
this — let us use this space to tell you other 
things. 

Let us speak, for instance, of investment 
value. Questar costs no more than ordinary 
"scopes would if they were so well mounted as 
to be equally solid and vibration-free. But let's 
face it — Questar optics cost more by the 
extra hours of human labor required to make, 
for example, mirrors that must be 16 times 
more accurate of figure than the ordinary 
kind. Questar’s mounting, too, has over 235 
separate parts, each one of the best procur- 
able alloys down to the last small stainless- 
steel screw. 





So let us tell you what we have found out 
— that Questars are so greatly in demand 
that the few which reach the second-hand 
market depreciate an average of less than 
7% per year! Imagine this — telescopes 
3 years old may bring 80% of their pur- 
chase price! We know of few manufac- 
tured products with such amazingly high value 
at resale. 

Remember then, that if you too become 
a Questar owner, you will be making the 
most conservative investment possible. We 
firmly believe that it will cost you less per 
year to enjoy a Questar. 

Questar, as illustrated, still costs only 
$995 postpaid, in handmade velvet-lined 
English leather case. Terms are available. 
May we send you the booklet? 


C@litecety 


PENNSYLVANIA 


NEW HOPE 
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Astronomy Teaching Aids 


ES SCO Publications 


Teachers of astronomy, both amateur and 
professional, will find the following ESSCO 
study materials useful in their classrooms. The 
test charts are challenging fun for the ama- 
teur astronomer, too! 


scl Equatorial constellation chart 
with star designations 

SCIT Test equatorial chart 
star or constellation names 

$C2 Circumpolar constellation chart — 
with star designations (new large 
size) ’ 

$C2T Test circumpolar chart without 
star or constellation names (new 
large size) 

$508A Ecliptic-based star map — _ with 
equatorial grid and names 


without 


$508 Ecliptic-based star map — _ with 
equatorial grid, without names 
$SO8B Ecliptic star map list — positions 


and magnitudes for 224 stars 

$505 Nine-inch protractor on paper — 
for planet orbit drawings 

$511 Inner planet chart — orbits of 
Mercury, Venus, Earth, Mars 

$512 Outer planet chart orbits of 
Mercury to Saturn 

S5O1A Special rectangular co-ordinate pa- 
per for star maps 

$502 Polar co-ordinate paper 
cumpolar star maps 

Price for each item listed above: | to 9 sheets, 

10 cents each; 10 to 24 sheets, 8 cents each; 

25 to 99 sheets, 6 cents each; 100 or more, 

5 cents each. 


for cir- 


From Stetson’s Manual of Laboratory Astrono- 
my, the chapter “Star Chart Construction” is 
available as a separate booklet, at 50 cents per 
copy. 

SPECIAL: DCS — Large wall chart of the Draper 
spectral classes, printed in four colors and 
mounted on canvas. Limited quantity. (Slightly 
damaged along edges.) $14.00 each 


SKY PUBLISHING CORPORATION 


Cambridge 38, Massachusetts 








for his hobby or profession. 


goods offered, claims notwithstanding. 


amount. 
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1/20-WAVE PARABOLOIDAL TELESCOPE MIRRORS 


Who should buy for his telescope the finest optics now available? 


* The astronomer (amateur or professional) who requires for his work or 
enjoyment the finest lunar and planetary detail. 





The astronomer who takes a measure of pride in employing the finest tools 
* The astronomer who is mature enough to sense that cheap prices match the 


* The astronomer who has had some experience in optics and hence knows the 
care that goes into the making of near-perfect optical surfaces. 

I am prepared to justify the need for 1/20-wave accuracy in the primary mirror 
of the telescope, with sound theoretical data showing why, for best planetary and 
lunar definition, it is not enough merely to confine the light rays to the theoretical 
diffraction pattern of a star (in effect, simply to define to Dawes’ limit). 


Please write for a copy of The Reflecting Telescope at no charge. It contains infor- 
mation that you will find valuable in considering a telescope for your own use. 


NEW 1/20-WAVE PYREX MIRRORS, with 1/10-wave diagonal: 6-inch £/9, $95.00; 
8-inch £/8, $155.00; 10-inch f/8 or £/7, $255.00; 1214-inch f/S8 or £/7, $395.00. 


RETOUCHING DEFECTIVE MIRRORS: 60% of new mirror price above. 


Terms: % with order, 4% when ready to ship, remainder on arrangement to 6 months, or 2% 
discount if paid within 10 days. If full payment is enclosed with order, 2% may be taken on the full 


voughu. Optica. 


OBSERVING THE 


| Mien in the eastern part of Mare 
Tranquillitatis is the ring-plain Arago, 
some 16 miles in diameter. Its interior 
contains various minor irregularities, in- 
cluding several terraces on the inner walls 
and a slight central hill which is con- 
nected to the north wall by a low ridge. 
The crater outline is decidedly irregular, 
with a landslip on the east wall. 


The lunar crater Arago 
and its vicinity, drawn 
by Alika K. Herring as 
seen in his 124-inch re- 
flector, 375x, on March 4, 
1960, at 3:45 Universal 
time. This was about 
six days after new moon, 
and as seen from Arago 
the sun was only 4.8 de- 
grees above the horizon. 
The two large domes, 
below and to the right, 
are shadowless, proving 
that their flanks have 
very gentle slopes. South 
is at the top, and east 
is to the right. 








1806 South Park St., Box 2053 
Madison 5, Wisconsin 
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Moon — ARAGO 


The ramparts are only about 5,800 
feet high on the west, but may be some- 
what loftier on the east, where several 
small peaks cast pointed shadows at sun- 
rise, two of them visible in the drawing. 
Curious spurs extend from the outer wall 
into the surrounding plain, one running 
southeastward almost as far as Manners. 
This spur has southward offshoots in the 


form of low ridges and a delicate rill, the 
latter apparently part of the extensive 
rill system paralleling the mare border. 

West of Arago, the surface of Mare 
Tranquillitatis contains an intricate sys- 
tem of ridges and swells, well seen only 
under grazing illumination. They are 
prominent in the photograph on page 
150 of the January, 1960, issue. While 
many of these ridges run more or less 
north and south, sharing with the nearby 
rills a concentricity with the mare edge, 
others are evidently the remnants of al- 
most completely obliterated ancient rings. 
The largest of these ghost rings is ap- 
proximately 50 miles across, and at one 
time may have been an imposing forma- 
tion. These features vanish toward full 
moon, when the mare surface brightens 
and becomes laced with a complex tracery 
of diffuse light streaks and patches. 

North and east of Arago are two well- 
known domes, for many years familiar 
objects to selenographers, and probably 
the first examples of their kind to be 
recognized. Under a low sun they are 
conspicuous even in very small telescopes 
as low, symmetrical swellings, but large 
instruments reveal their irregular shapes. 
This is clearly indicated by my drawing, 
made under favorable illumination and 
good seeing conditions. 

During that observation, other irregu- 
larities were visible, including small peaks 
near the center of the northern dome 











and northwest of the midpoint of the 
But I could not detect sum- 
mit craterlets on either dome, and it 
seems certain that they do not exist, since 
nearby small craterlets of the expected 
size were easily visible. 

Arago is a member of a long irregular 
chain of craters that extends from Sabine 
on the south to Maraldi on the north. 
Like the ridges and clefts, this chain is 
approximately concentric with the north- 
ern and eastern edges of Mare ‘Tranquil- 
litatis. In my opinion, the agreement is 
not accidental, but has resulted from the 
diastrophic forces that shaped the lunar 


eastern one. 


surface. 
ALIKA K. HERRING 
1312 Arlington Ave. 
Anaheim, Calif. 





CALIFORNIA LUNAR PROJECT 

Members of the San Fernando Valley 
\stronomical Society are now using their 
telescopes to obtain lunar photographs 
that are to be combined into a _ photo- 
graphic atlas of our satellite. To be in- 
cluded in the atlas are detail drawings ol 
some features of particular interest. 

Much of this work is being done with 
10-inch reflectors. In the last vear, nearly 
80 pictures have been taken, and en- 
larged to a standard size of seven by five 
inches. 

Another club project was co-operative 
observing of Mars during its 1958 appa- 
rition. The results of this program were 
combined into a map of the Martian sur- 
face, which we displayed at the 1959 
Nationwide Amateur Astronomers Con- 
vention in Denver. 

KENT DE GROFF 
12150 Hartsook St. 
N. Hollywood, Calif. 





CORRECTION 
On page 471 of last month’s issue, in 
line four of the first column, read “hori- 
zontal” instead of “vertical.” 


On April 30th, just north of Fargo, North Dakota, Dewey Bergquist took these 
auroral photographs, at 1:40 and 1:50 a.m. Central standard time, respectively. 
The 10-second exposures were obtained with an f/4.5 lens. 


SPRINGTIME AURORAS 


No less than six different displays of 


northern lights were witnessed by widely 
scattered amateurs during the final week 
of April and the first week in May. The 
most intense was that seen on April 27- 
28, being predominantly green in color. 

At Buffalo, New York, Clark Chapman 





noted that the aurora impressed him 
strongly as a vast storm, rather than 
DE LUXE 
As illustrated — with new plastic 


tube, 6x finder, heavy all-metal tri- 
pod, equatorial mounting, and 60x 


eyepiece. 
Price $44.75 


Unconditionally guaranteed 
100% American made. 


Write for free brochure showing our 
standard model which has been sold 
world-wide for over 20 years. Sky- 
scope still remains outstanding in 
value by any comparison. 


THE SKYSCOPE CO., INC. 


P. O. Box 55S, Brooklyn 28, N. Y. 





merely a beautiful display. At its climax, 
great waves of light were traveling from 
the horizon to a spot south of the zenith. 
This flaming aurora presented no color, 
whereas the earlier homogeneous and 
rayed arcs had been green. 

Also in April, there were displays on 
the 28-29 and 29-30. The three auroras 
of early May were observed on the 3-4, 
1-5, and 6-7. 














With this fascinating, precision-built globe com- 
bination you can follow the exciting events of an 
entire day in the heavens. You read time by ob- 
serving the earth’s relation to the sun. There are 
two globes, a 6-inch terrestrial and a 12-inch 
celestial. The earth globe rotates by an electric 
motor once every 24 hours. The sun’s noontime 
position is shown for any point on the earth’s sur- 
face, and because the movable ecliptic ring is con- 
nected to the twilight ring, sunrise and sunset and 
the duration of twilight are shown for all places. 

Only two daily settings are necessary — simply 
move the sun indicator eastward to the next day’s 
date on the ecliptic circle, and turn the earth 
globe one degree to correspond to the actual rota- 
tion of the earth (about 361° in 24 hours). 

The movable ecliptic (sun) ring is also marked 
for the moon’s phase positions and the maximum 
greatest elongations of Mercury and Venus. 


Model ST-12-E.C. — 12-inch diameter ..... $97.50 
Write for free brochure. 


FARQUHAR TRANSPARENT GLOBES 


3724 Irving St., Philadelphia 4, Pa. 
Teiephone: EVergreen 2-2833 
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In this view of M23, taken from a Pal- 

omar 48-inch Schmidt photograph, the 

cluster nearly fills the 40-minute-wide 

area of the sky shown here. South is 
toward the top. 


DEEP-SKY WONDERS 
HARLES MESSIER, in view of his 
modest equipment, must have been 
He re 


corded many objects that an amateur of 


a talented and careful observer. 


today might easily pass over. ‘This is espe 
cially true of the region of Sagittarius, 


which is crowded with = starclouds and 


dark nebulae. Here, just above the “milk 
dipper,” lie two interesting galactic clus- 
ters. Neither is mentioned in Webb’s or 
Smyth's guides, possibly because of their 
southerly declinations. 

M23 (NGC 6494) is at right ascension 
17" 54.0, declination 19° O17” (1950 co 
ordinates). It is seen against a rather dark 
background for this part of the Milky 
Way, and thus it stands out strongly. 
I wo-power sport glasses reveal its nature 
and show a 6th-magnitude star on its 
cdge, giving rise to a “diamond— ring” 
eflect. 
makes M235 a marvelous object, and will 


\ 20x 120) Moonwatch telescope 


also show traces of the dark nebulosities 


Bada in the 


sarnard atlas is just: perceptible. 


that abound in this region 


In a 10-inch telescope, M23 fills over 
half the field of a low-power ocular (the 
Many of the 
120 stars in this grouping appear to be 


Ors 


cluster is 25’ in diameter). 
arranged in) curved lines, and Barnard 
compares this cluster with the globular 
M13 in Hercules. 
“curves” in M13 are much more striking 
M23. ‘The best current 


lo me, however, the 


than those in 
estimates place this cluster at a distance 
of about 2,000 light-years, relatively near 
to us. 

Slightly east of M23 is M24 (NGC 
6603), at 18" 15™.5, —18° 27%. ‘Though of 
magnitude 5 
brighter than M23 
eter. Lying on a great starcloud, binocu- 


about two magnitudes 


it is only 4” in diam- 





YOUR TELESCOPE IS NO BETTER THAN YOUR ABILITY 
TO FIND THE THINGS YOU WANT TO SEE 


Now — for the first time 


ACCUSTAR 





An entirely practical solution to the 
amateur’s biggest problem. Now you 
can find celestial objects with an ease, 
speed, and accuracy never before ap 
proached. 

To find any object you must know the 
sidereal time and ACCUSTAR will give 
it to you instantly. Having already set 
the outer disk to your longitude, turn 
the inner disk until your clock (stand 
ard) time mark coincides with the date 
The sidereal time is then indicated on 
the inner dial. It’s as simple as that 
Consistently accurate within two minutes 
or less. 

ACCUSTAR will do many things: tell 
precisely where any star or constellation 
will be at any time or place, determine 
longitude, tell the solar time with one 
simple observation easily made with 


ACCUSTAR. 


ACCUSTAR and the book, 
Find the Stars 


$9.75 


A precision instrument, blue and gold 
in color, 10 by 12. inches, plastic 
coated, metal backed, weighs less than 
a pound. Nothing to get out of order. 

The 56-page book Find the Stars has 
23 sky maps and needed information on 
over 250 celestial objects of prime in 
terest to the amateur. 

ACCUSTAR will be your indispensa 
ble guide to the heavens and multipl) 
your pleasure in expl ying them. Place 


Jour order now. 


P. O. Box 2806, Detroit 31, Michigan 
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The compact cluster M24 is centered in 

this field, 40 minutes of arc wide, taken 

from a photograph by the Palomar 48- 

inch Schmidt telescope. South is up- 

ward, east to the right, as in an invert- 
ing telescope. 


lars show it as merely a brightish = star. 
Even the Moonwatch apogee telescope 
just hints at its true nature, and at least 
a 10-inch is required to prove adequately 
that it is a big galactic cluster. While the 
number of stars listed is 50, a 36-inch 
suggests that there are about 100. 

Many amateurs do not know this ob- 
ject. Indeed, one must look sharply at 
the picture in Barnard’s atlas to see that 
it is not a star, and it is not even marked 
on his key map for the region. The dark 
nebulae surrounding this starcloud are par- 
ticularly interesting. “The 20x 120 shows 
both BIZ and BIS, while a 6-inch  rich- 
field reflector does a bit better. Amateurs 
who own such equipment should reserve 
some especially clear nights for these dark 
objects. 

WALTER SCOTT HOUSTON 
Rte. 3, Manhattan, Kans. 


SUNSPOT NUMBERS 

Lhe following American sunspot mum- 
bers for April have been derived by 
Dr. Sarah J. Hill, Whitin Observatory, 
Wellesley AAVSO. Solat 
Division observations. 

April i, 109; 2,-132; 3, 160; 4, 161; 5, 
17756; 223 75, T1738) 109;9; 96; 10; 103: 
11, 132; 12, 126; 13, 134; 14, 115; 15, 130; 
1G; 111: 17,. 110: 18, 98: 19, 109: 20,, 101; 
21, 98; 22, 94; 23, 94; 24, 102; 25, 86; 26, 
89; 27, 71; 28, 83: 29, 89; 30, 78. Mean for 
\pril, 110.9. 
are provisional mean 
numbers for May by Dr. M. 
Waldmeier, director of Zurich Observa- 
tory, from observations there and at its 


College, from 


sclow relative 


sunspot 


stations at Locarno and Arosa. 

May 1, 97; 2, 97; 3, 102; 4, 96; 5, 87; 6, 
93; 7, 133; 8, 143; 9, 142; 10, 149; 11, 147; 
2, 12%; WS, 1353-14; 1053-15, $5; 46,101; 
17, 114; 18, 106; 19, 108; 20, 115; 21, 100; 
22) VI23123, 1253524, 47:25, 1483 26, 130; 
27, 148; 28, 142; 29, 138; 30, 121; 31, 111. 
Mean for May, 119.5. 








Tinsley enters the 
standard design field 


with this rugged, 


precise 12-inch telescope 





Here is a new instrument of traditional Tinsley quality at a cost far 
below that of a custom telescope. It is ideally suited to astronomy clubs, 
schools and advanced amateurs. Specifications: 12-inch aperture. Casse- 
grain optical system. Primary mirror focal length 48'’. Secondary ampli- 
fication 4; total effective focal length 192’’. Eyepiece image lies 16’’ 
behind reflecting surface of primary mirror. Overall tube length 43’’, plus 
focusing assembly. Tube is easily removable from mounting. ® Eyepiece 
focusing assembly: rack-and-pinion type, extremely rugged and adaptable 
for cameras and accessories. ® Mounting: has positive clamps for decli- 
nation and right ascension. Motor driven in right ascension to a precise 
sidereal rate. Additional motor control for fast rate is 5 times the sidereal 
rate. Manual declination with anti-backlash. Setting circles are large and 
precision engraved. @ Provides for precise orientation of polar axis. 
© Optical surfaces: accurate to % wave length or better. Reflecting 
surfaces aluminized and have a protective overcoating. Refracting sur- 
faces have low-reflection coating. @ Equipped with a finder of 10 power. 
@ Mounted on a steel pedestal. © Address inquiries to Tinsley Laboratories, 


Inc., Telescope Department, 2526 Grove Street, Berkeley 4, California. 
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aS GOTO MEDIUM-SIZE 
(Sze) PLANETARIUM 





All projectors are equipped with projection lenses. 

2) Projects the entire celestial sphere, and can show the sky above any 
point in the world. Thus, the starry sky above various points south 
of the equator, particularly the Antarctic, can be simulated to the very 
last detail. 

3) The annual motions of the moon, sun, and five bright planets are re- 

produced, including the apparent retrograde movements of the planets. 


4) The cycle of precession can be demonstrated. 


5) With a record player and tape recorder, music, sound effects, and 
taped lectures can be given over a loud-speaker system. 

6) The console provides for remote control of all planetarium movements 
and sound effects. 

7) Auxiliary projectors are available for reproducing various celestial 
phenomena, in accordance with the lecture’s subject. 


Goto's Model M-1 displayed at the 4th annual 
United States World Trade Fair (May, 1960) 


GOTO 6” EQUATORIAL telescope 


Established in 1926, Japan's oldest and largest 


firm specializing in astronomical telescopes. 


Catalogues will be sent upon request. 


GOTO OPTICAL MFG. CO. 


1-115 Shimmachi, Setagaya-ku, Tokyo, Japan 





Cable Address: GOTOPTIC TOKYO 
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(J BOOKS AND THE SKY W 


PHOTOGRAPHIC LUNAR ATLAS 
University of Chi- 
1960. 230 sheets, 


G. P. Kuiper, editor. 
cago Press, Chicago, IL, 
boxed. $30.00. 

ITH increasing 

moon, the publication of a magnifi- 
cent atlas of the lunar surface, by G. P. 
Kuiper with the aid of D. W. G. Arthur, 
E. Moore, J. W. and E. A. 
Whitaker, is an event of much importance. 
Monumental is the word for its form as 
well as its significance, for the 
big carton containing nearly 20 pounds of 
large-scale photographs, taken with some 
of the world’s greatest telescopes. 

We may sort out the many 

maps and atlases of the moon into two 
kinds, according to their uses. In the 
first class belong charts for identification 
of the more prominent craters, mountains, 
and seas. The outstanding work of this 
class is M. A. Blagg and K. Miiller’s 
Named Lunar Formations, issued in 1935 
by the International Astronomical Union. 
Its two volumes — an atlas and catalogue 
—- furnish the official nomenclature for 
6,000 formations. Unfortunately, 
the atlas has recently gone out of print, 
IAU would be 


interest in the 


Tapscott, 


atlas is a 


existing 


some 


and a new edition by the 
most desirable. 

For the amateur, 
of easily obtainable 
several hundred major lunar formations. 
\mong the best of these is K. Andel’s 
Mappa Selenographica (1926), inexpen- 
sively reissued as the lunar map of Sky 
Publishing Corp. Mention should be 
made of the very serviceable map of the 
moon available free from the Missile and 
Space Vehicle Department, General Elec- 
tric Co., 3198 Chestnut St., Philadelphia 
4, Pa. 

The second kind of lunar atlas is a de- 
tailed depiction of the surface, intended 
for the scientific study of the moon’s for- 
mations and their interrelations. The 
19th-century comprehensive charts by W. 
Lohrmann, W. Beer and J. H. Midler, 
I. Neison, and J. J. Schmidt, which 
represent the moon as seen in 4- to 6-inch 


a number 
identifying 


there are 
charts 


refractors, are mostly of historical interest 
today. W. Goodacre continued the same 
tradition, while H. P. Wilkins’ 200-inch 
map (1930) and his 300-inch map (1946) 
present an enormous amount of detail, 
some visible only in very large telescopes. 

\s materials for further large 
visually prepared maps have serious draw- 
backs. In many parts of the moon, the 
richness of detail is too overwhelming for 
To com- 


research, 


more than summary treatment. 
plete some of these immense undertak- 
cartographic standards were in- 
with loss in accuracy and 


ings, 
evitably lowered, 
homogeneity. 

A fundamental weakness of 
photographic lunar atlas is that all the 
information in it has had to filter through 
the brain and hand of its author, and 


any non- 


therefore it suffers from any limitation of 
For example, domes, banded 
lunar grid first 
attention only in fairly 
Therefore, a systematic 
atlases would 
too, the 


his outlook. 
and the 
much 
years. 
them using older 
lead to little. In 
cartographer may not have attached im- 
statistical 


craters, 
attracted 
recent 


system 


study of 
some Cases, 
portance to quantitative or 
problems. 

\s early as the 
ments in lunar photography with large 
telescopes at Lick and Paris observatories 
stimulated the production of a number of 
photographic atlases of our satellite. The 
best of these was the Atlas Photographique 
le la Lune, compiled by M. Loewy and 
P. Puiseux at Paris between 1896 and 
1910. Of somewhat lower quality were 
the albums by L. Weinek of Prague 
(1901) and W. H. Pickering of Har- 
vard (1903). However, during the next 
half century, great improvements were 
made in telescopes, photographic ma- 
terials, and methods of reproduction, and 
at several observatories moon negatives of 
exquisite quality continued to be taken. 

In 1955, Dr. Kuiper, then of Yerkes 
and McDonald Observatories, formed the 
plan of compiling a new photographic 
atlas from the best existing plates of the 
moon taken with the 100-inch Mount 
Wilson reflector, 36-inch Lick refractor, 
40-inch Yerkes telescope, and 24-inch Pic 
du Midi refractor. These were supple- 
mented by new photographs with the 82- 
inch McDonald reflector and from Yerkes 
Observatory. 

The very extensive labor of selecting 
and preparing the photographs for publi- 
cation took Dr. Kuiper and his collabo- 
rators over four years. Their Photographic 
Lunar Atlas consists of a total of 281 
pictures. Of these 212 form the main 
body of the atlas, each of 44 different 
regions being shown on the average under 
five different conditions of solar illumina- 
tion. In addition there are 63 supple- 
mentary photographs, mainly of limb 
regions, and key charts on which about 
700 surface features are marked. 

Important advantages result from the 
various regions being shown under sever- 
al illuminations: sunrise, sunset, and high 


1890's, successful experi- 


sun. For study of low relief, grazing 
illumination is necessary, but rays and 
bright spots require a higher sun. 


In this atlas, the scale is 100 inches to 
the lunar diameter, or 1:1,370,000. Thus 
one inch, at the center of the lunar disk, 
corresponds to 21.6 miles. According to 
Dr. Kuiper, the best of the photographs 
have a resolution of 0.4 second of arc, 

half a mile. Hence the scale of the 
atlas is sufficient to show all the detail it 
contains without the use of a magnifying 
glass. 

The charts are 16 by 20 inches, printed so 
that four are on a folded sheet that opens 
out to 64 by 80 inches. In the main atlas, 





SPACE JOURNAL 


The world’s most widely read astronautical magazine 


Space Journal is now read 
by over 50,000 scientists, 
engineers, educators, and 
executives who share a 
common interest in space. 
Space Journal contains ar- 
ticles on future trends in 
astronautics, astronomy, 
design, human _ factors, 
propulsion systems, and 
many other subjects. De- 
partments keep you 
abreast of current trends. 
Space Journal is written 
to be understood by any- 
one with an interest in 
science or space, because 
a scientist is a layman outside his specialty. 

Take advantage of this special two-for-one intro- 
ductory offer. To each one-year subscription 
bought at the regular price of $3.00 we will add 
an additional one-year subscription. Send to Space 
Journal, Dept. ST-1, Nashville 1, Tenn. 











r—Star Atlases and Books on Astronomy 


New: THE EXPLORATION OF SPACE, 
edited by R. Jastrow ..... eat .. $5.50 


New: 300” MOON MAP, 

by H. P. Wilkins .... 56.00 
New: THE STRANGE WORLD OF 

THE MOON, by V. A. Firsoff . 5.50 
New: LAROU SSE ENCYC LOPEDIA 

OF ASTRONOMY $12.50 


THE OTHER SIDE OF THE MOON $2.50 

AMATEUR ASTRONOMER’S 
HANDBOOK, by J. B. Sidgwick ....$12.75 

OBSERVATIONAL ASTRONOMY FOR 


AMATEURS, by J. B. Sidgwick ....$10.75 
THE SKY OBSERVER’S GUIDE ......$2.95 
THE PLANET VENUS, by P. Moore ..$3.95 


THE PLANET JUPITER, by B. Peek $8.95 
AMATEUR TELESCOPE MAKING — 

Book 1, $5.00; Book 2, $6.00; Book 3, $7.00 
Norton’s STAR ATLAS ....................... $5.25 
Beyer-Graff STAR ATLAS ................$15.00 
BONNER DURCHMUSTERUNG ....$100.00 
Pockethooks and paperbacks on astronomy — 
write for listing. Books on telescope making 
and optical glassworking. 


HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 














SUMMER SPECIALS 


| “SEE THRU’ SKY MAPS 
| 
| 
| 


- 814” circles. If you 
haven't this new luminous set, don’t delay. | 
Order now. $5. | 
SOLARSCOPES This is still a favorite. Ro- 
tary information bureau. Imported. $2.25 
STARS OVER HAWAII — Star names are in | 
Hawaiian and English. $1.25 


HAWAIIAN ALMANAC — Early Polynesian lore. 





Now only 50c 


five colors. 


50c 
HAWAIIAN WORDS AND PHRASES. 25c 
STAR GAMES — Fun for all. $1.00 
LUMINOUS DECALS For your bedroom or | 
rumpus-room ceiling. $2.45 || 
LUNAR MAP — Over 325 craters, seas, and || 
mountains identified. 25¢ 
| TEEN-AGERS MOON MAP. 25¢ | 
| MOON MAP By Rand-McNally. This is in |} 
I 


CONSTELLATION POST CARDS 30 cites 
1 


KNOW YOUR STARS. While these booklets last, 
35c 


| 

cards. 00 || 
|| PLANET PLACERS. 50c || 
| A few refined PLANET PLACERS are left. $2.95 || 
! JUNIOR STAR FINDER. 50c | 

| SOLAR SYSTEM DATA. Limited quantity 35c 

| 

| 


Three different sets available. 


| 
CHART SETS | 
Over 1,000 | 


25 charts, 81)” x 11”, in a set. 
of these have been sold to date. 


| $3.50 per set; $6.50 for 2 sets; $9.50 for 3 sets || 


STELLASCOPE and STELLA-NAVIGATOR — Two 
excellent star finders. Regular price, $1.50 
each. For a limited time only, each 75¢ 


lan move slide sets this fall, and, if 
|| possible, we hope to put out a line of 35-mm. 
| color slides. Several new editions of the Har- 
vard Books on Astronomy are in process, which 
we will have as soon as they are available. 


i| We 








Write for our free catalogue. 


ASTRONOMY CHARTED 
Worcester 10, Mass., U.S.A 
Phone: PL 5-6992 


33 Winfield St., 


July, 1960, Sky anv TELEscopE 39 











Astronomy Films 


16-mm. sound, 400-foot reels 
I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 





2x2 SLIDES 
35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH aAnpD 
OTHER GREAT TELESCOPES 
Catalogues on request. 
International 
Screen Organization 
1445 18th Ave. North, St. Petersburg 4, Fla. 

















all the pictures of the same part of the 
are on Thanks to a 
convenient thumb-tab the 
desired sheet can at once be selected from 


sheet. 
arrangement, 


moon one 


the large hinged box containing the atlas. 
The charts are printed by photo-offset 
on paper that will take pencil, ink, or 
crayon. ‘To preserve details both in the 
highlights and in the much fainter termi- 
nator regions, photographic dodging was 
used on most of the paper prints from 
which the atlas reproduced. — In 
general, this process was highly successful, 
but occasional charts have exaggerated or 
inadequate Certain of the 
photographs have excessive graininess. 
Accompanying the Photographic Lunar 


Was 


contrast. 





The latest 


Spitz MODEL A-2 
PLANETARIUM 


has been installed at 


Central Catholic 
High School 


Yakima, Washington 


* 
Spitz Laboratories 


Inc. 
YORKLYN, DELAWARE 
Phone: CEdar 9-5212 








An invitation to 


ASTRO-DOME 


INCORPORATED 








Am eritcan te tronomers 


and their guests 
at the 106th meeting 
of the American Astronomical Society 
in Mexico City, August 22-25, 
Representatives of Astro-Dome, Inc., will be at registration headquarters, 


AMBASSADOR HOTEL, 38 HUMBOLDT, MEXICO CITY, 


and will be pleased to discuss with you any of your Astro-Observatory problems. 


Contact the registration desk for the room number. 


1960 


Serving the Astro-Sciences 
MANUFACTURERS 

OF OBSERVATORY DOMES 

Brownlee Ave. N.E. 

Canton 5, Ohio 

Phone: GL 6-8361 


1801 
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Atlas is a 23-page booklet, containing a 
detailed explanation of its construction. 
There are also tables identifying the 
original of each picture, providing the 
date, time, colongitude, and libration. 
Unfortunately, the corresponding seleno- 
graphic latitudes of the sun are not 
tabulated, although they are needed for 
calculating the sun’s altitude above any 
point on the moon. 

The booklet provides an alphabetical 
index of about 700 lunar features, facili- 
tating their identification in the atlas. 
The nomenclature is that of the IAU, but 
in about 40 cases the spelling or the or- 
thography of the IAU_ have been cor- 
rected. ‘These changes are of unequal 
merit, though based on careful study. To 
nearly all selenographers, crater names are 
arbitrary labels, as Arabic star names are. 
Revisions to amend misspellings made 
centuries ago, but consistently ad- 
hered to by later astronomers, may cause 
needless confusion. ‘The majority of the 
changes, however, are improvements. 

Even a quick examination of the Photo- 
graphic Lunar Atlas will show the re- 
markable success Dr. Kuiper and his co- 
workers have had in making generally 
available the details in the world’s finest 
moon photographs. ‘Take, for example, 
chart C3-b, showing the eastern part of 
Mare Serenitatis near sunset, from a 
100-inch Mount Wilson plate. Inside the 
Linné bright spot, the tiny central 
craterlet, only about 900 meters in 
diameter, is distinctly seen with its in- 
terior shadow. 

Another test that many experienced 
lunar observers will apply is the detail 
on the floor of the crater Plato. On sheet 
D2-a, it is easy to pick out five of its 
interior craterlets. Another elusive object, 
well shown on F3-a, is the remarkable 
serpentine cleft running northward from 
Marius. 

The availability of this excellent atlas 
offers many opportunities for useful lunar 
work by both professional and amateur 
astronomers. Consider, for instance, lunar 
domes. ‘The literature of this subject is in 
confusion; no adequate list of domes has 
been published, and the problem of 
classifying them has scarcely been touched. 
Domes are quite easy to pick out here, 
and it should be a straightforward task 
to make a complete listing of those the 
atlas contains, with their positions, di- 
ameters, and descriptions. A systematic 
dome catalogue of this sort would be a 
contribution. 


two 


valuable 

Another suggestion involves the de- 
termination from shadow lengths of the 
depths of craters and the heights of lunar 
mountains. Because of the generous scale 
of the atlas, these shadows can_ be 
measured with a millimeter rule. The 
time when each photograph was taken is 
given, and the selenographic co-ordinates 
of the point casting the shadow are ob- 
tainable from the IAU atlas, for example. 
Then the height can be calculated, using 











Perfect companions for your observing programs 


DE LUXE ATLAS OF THE HEAVENS 
and the ATLAS COELI CATALOGUE 


Both by Antonin Becvar and his coworkers 
at the Skalnate Pleso Observatory 


The De Luxe Atlas of the Heavens has 16 sturdily bound charts, which cover the 
entire sky to magnitude 7.75. Printed in many colors, more than 35,000 celestial 
objects, including over 100 radio sources, are plotted on the large 161/2-by-23-inch 
maps. You’‘ll find double, multiple, and variable stars; novae, clusters, globulars, and 
planetaries; bright and dark nebulae; the Milky Way and consteilation boundaries. 
Bayer-letter and Flamsteed-number designations are given. The transparent grid 
overlay facilitates locating the object under study. An atlas without equal! 


The Atlas Coeli Catalogue (A//as Coeli II, Katalog 1950.0) is the most com- 
plete check list of celestial objects ever offered the amateur observer. Listed, with 
descriptive data, are the 6,362 stars brighter than magnitude 6.26, with their right 
ascensions and declinations for 1950, precessions, proper motions, magnitudes, and 
spectra; 293 open star clusters; 100 globular clusters; 240 bright diffuse nebulae; 
144 planetaries; 1,131 galaxies; some 1,750 visual double and multiple stars; and 
633 variables bright enough for amateur observing. Sturdily cloth bound, this 367- 
page book is 814 by 1134 inches in size. Explanations in English. 


ie i a A a ia ai no ko 5k a ese awe boas keno wesens $9.75 
RNG GOON CNR 86S ace Cee ESOS EN Rhee CoO Een $8.75 
SPECIAL: ‘Both of these lenis. ss aiccaiiicos cou teaues $17.50 


— OTHER ATLASES — 


FIELD EDITION ATLAS OF THE HEAVENS. Each chart is reduced from the origi- 
nal Atlas Coeli and is printed on heavy, stiff paper 18 by 1214 inches. Stars are 
white on black background. The 16 charts are unbound. Perfect for outdoor use. 
$4.00 each; 2 for $7.50 


NORTON’S STAR ATLAS. This famous star atlas and reference handbook covers 
the whole heavens, showing over 9,000 objects: stars to magnitude 61/3, nebulae, 
and clusters. Descriptive lists of 500 interesting subjects for viewing with small 
telescopes, and useful data for observing the sun, moon, and planets. New 14th 
edition, 1959. 81/2 by 11 inches. 108 pages. $5.25 


POPULAR STAR ATLAS. A simpler version of Norton’s Star Atlas, the 16 bound 
maps show all stars down to magnitude 51/2. 72 by 91/2 inches. 38 pages. $2.00 


ATLAS ECLIPTICALIS 1950.0. A bound set of 32 charts, each 17/2 by 24 inches, 
covers declinations between +30° and 30°, complete to magnitude 9.0, scale two 
centimeters per degree, epoch 1950.0. (Place your order with us and allow time for 
its transmission to the publisher in Czechoslovakia, from whom the atlas will be 
shipped directiy to you in about six to ten weeks.) $17.00 


PHOTOGRAPHIC LUNAR ATLAS. Expertly assembled under the direction of 
Gerard P. Kuiper, this atlas contains 281 of the finest photographs of the moon in 
existence, taken with large telescopes at Mount Wilson, Lick, Pic du Midi, McDonald, 
and Yerkes observatories. The 230 sheets measure 15/2 by 19 inches, gathered loose- 
leaf in a sturdy box, and are thumb-indexed and numbered to permit easy location of 
strips of the moon’s surface. This magnificent atlas is indispensable to every pro- 
fessional and amateur astronomer seriously interested in lunar problems. $30.00 


— BOOKS FOR THE AMATEUR — 


LAROUSSE ENCYCLOPEDIA OF ASTRONOMY. By Lucien Rudaux and G. de 
Vaucouleurs. ‘By far the best general survey of its kind for anyone who has grad- 
uated from the ordinary popularizations and wants a taste of the real business of 
astronomy. The lucid and interesting text is supported by a most effective 
and intelligently planned collection of diagrams, photographs, and charts. . . . This 
is an achievement of a high order.” — Scientific American. Many full-color rendi- 
tions. Full-page size is 8 by 11 inches. 506 pages, 818 illustrations. $12.50 


THE HISTORY OF THE TELESCOPE. By Henry C. King. A complete account of the 
development of the telescope from the crude instruments of the ancients to the giants 
of today. ‘An inspiring story of human progress. . . .” 7/2 by 10 inches, 456 
pages, 196 illustrations. $7.50 


MAKING YOUR OWN TELESCOPE. By Allyn J. Thompson. Join the tens of 
thousands of amateurs who are using this basic book on telescope making. Complete 
step-by-step directions for making and mounting your own 6-inch reflecting telescope 
at low cost. In easy-to-understand chapters, you learn how to grind, polish, and 
figure the mirror, and how to make an equatorial mount that will provide a sturdy, 
solid support for your mirror. 211 pages, 104 illustrations (6th printing). $4.00 


PHILIP’S PLANISPHERE 


The latest edition of this world-famous star finder, suitable for use within 
10 degrees of latitude 42° north. Beautifully printed in dark blue and gold, 
it identifies the principal constellations and stars above the observer’s 
horizon for any time of the night throughout the year. It is set quickly 
by turning the transparent plastic overlay around its central pivot, which is 
at the pole of the star chart on the substantial cardboard base plate. Direc- 
tions for using the device are given in four languages. $3.00 


STELLAR FACTS AT A GLANCE 





COLOR MAP OF THE NORTHERN HEAVENS 


With this beautiful wall chart you rarely need to ‘‘crack a book” to find quickly 
how far away that Ist-magnitude star is, its spectral type, absolute luminosity, or 
other pertinent facts. Such important star groupings as Gould’s belt, the Scorpius- 
Centaurus association, the blue stars of Orion, are all indicated by the star symbols, 
colored vividly to show spectral class. The northern sky to —45° is shown on a 
polar projection; stars brighter than magnitude 5.1 included. Printed on an attractive 
sky-blue background, the chart is a huge 30 by 341 inches and is mailed unfolded 
in a heavy tube. Now only $1.00 


— OTHER MAPS AND CHARTS — 


COLOR CHARTS OF THE MOON. Two striking renderings of the first- and last- 
quarter moon. Each lunar half is an impressive 27 inches in diameter; the over-all 
size of the chart is 23 inches wide by 33 inches high. Printed in predominantly 
gold and black on heavy paper. Charts mailed unfolded. $2.00 per set of 2 


ELGER’S MAP OF THE MOON. The moon chart itself is 18 inches high by 17! 
inches wide and identifies all the important lunar features. Below the map are notes 
by H. P. Wilkins on 146 of the more interesting regions. Mailed unfolded. $3.00 


LUNAR MAP. In two colors and over 10 inches in diameter, the map identifies 
the most important features on the moon, including 326 mountains, seas, and craters. 
Handy finding list on reverse side. 25c each; 3 or more, 20c each 


— CELESTIAL PHOTOGRAPHS — 


SPLENDORS OF THE SKY. A 36-page large picture booklet, with short and easy- 
to-understand captions. Among the many full-page illustrations, taken with the giant 
telescopes of Mount Wilson and Palomar Observatories and Lick Observatory, are a 
close-up view of the moon’s surface, and a field of distant galaxies. 36 pages, 66 
illustrations, paper bound. Now only 50c 


MOON SETS. 
passed Lick Observatory negatives of the first and last quarters. 
1134 inches. Key charts supplied. 


LUNAR CRESCENT SETS. 10 Lick Observatory pictures that form a matching series 
to Moon Sets, but for the waxing crescent 41/2 days after new moon, and the waning 
crescent about five days before new moon. $2.50 per set 


18 pictures of the entire visible face of the moon, made from unsur- 
Each print 8/2 by 
$3.00 per set 


24 pictures of objects in the solar system and in the Milky Way, all 
Each print 82 by 1134 inches. 
$4.00 per set 


SKY SETS I. 
celestial wonders of interest and beauty. 


SKY SETS II. 24 pictures of nebulae in our galaxy, portraits of other galaxies, 
many made with the 200-inch telescope, and four drawings of the 200-inch telescope 
by Russell W. Porter. Each print 8/2 by 1134 inches. $4.00 per set 


— OTHER SKY PUBLICATIONS — 


SOUTHERN HEMISPHERE CONSTELLATIONS. By Sir William Peck. 12 star maps for 
$2.50 


latitude 40° south. 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS. By Dr. Philipp Frank. 75¢ 


HOW TO BUILD A QUARTZ MONOCHROMATOR for Observing Prominences on the Sun. 
By Richard B. Dunn. 50c 


THE STORY OF COSMIC RAYS. By Dr. W. F. G. Swann. 75c 


Write for free descriptive catalogue. All items sent postpaid. Please enclose your check or money order. 


“SKY PUBLISHING COR 


PORATION . 


. e 
. . ‘ * 
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Harvard Observatory... Cambridge 38, Massachusetts y 
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U.S. SURPLUS BARGAINS 


IN HIGH-QUALITY OPTICAL PARTS AND EQUIPMENT 


BAUSCH & LOMB f/6 
AERO-TESSAR LENS 


Focal length 24”. Com 
ind shutter. Excellen® for 
wide-field telescope. All 
in excellent condition 


Price $25.00 





WIDE-ANGLE ERFLE EYEPIECE 
(68° Field) 


Coated optics, 3 achromatic lenses. 
1144” focal length, 1-13/16” aperture 
Price $12.50 








16-mm. AERIAL GUN 
CAMERA, MODEL AN-N6 
Takes 
mm 
(50") 


16, 32 


standard 16 
magazine load 
Operates at 
or 64 frames 
per second. Complete 
with Wollensak Type 


V lens, 1%” (35 
mm.), £/3.5. Excel 
lent condition, Oper 


ates on 24-volt d.c 


Pr me $29.95 


METAL PARABOLOIDAL MIRROR 


These are made of hastelloy hard metal 





12” diameter. 534” focal length. Manu 

factured by Bausch & Lomb. Approx 

weight, 314% Ibs. Brand-new condition 

(Not for telescopes.) Price $10.00 each 

LENS ASSEMBLY 
48” FOCAL LENGTH — f/6.3 

This was used with the KiO aerial camera, which 
takes a 9” x 18” plate Manufactured by Eastman 
Kodak Approx. dimensions, 14” diam 6” long 
Contains built-in filters and tris. Lenses mounted in 
tluminum housing Approx. weight of unit, 125 Ibs 
All in) original crates Approx. shipping weight, 
100 Ibs. Price $150.00 


BAUSCH & LOMB 
f/8 TELEPHOTO LENS 


Coated lenses. Focal length 
36”. Completely mounted 
with iris and shutter. Ap 
prox. weight 25 Ibs. Excel 


lent condition. Price $49.50 





civil 
Center 
hand. 


dial and 
indicator 

second 
Luminous figures and 
hands on black face. 
Case is made of black 
plastic. 3144” mounting. 
Manufactured by Wal- 
tham Watch Co. Price 
$20.95 postpaid 


4-he 
date 
sweep 





pletely mounted with iris 


8-POWER WIDE-FIELD ELBOW TELESCOPE 





COATED LENSES 


‘sr. 
Eye lens diameter 2-1/16” with diopter scale +2 - —4 


Field of view 8 Large focusing Erfle eyepiece. 
i built in filters clear, neutral, red, amber. Length 
157%”, width 65%”, height 7%”, weight approx. 91/4 
Ibs. Excellent unused condition. Price $39.50 


8-POWER ELBOW TELESCOPE 


objective; Kellner eyepiece; Amici erecting prism; 
{ built-in filters; reticle illumination; field is 6° (325 
ft. at 1,000 yds.). The focusing 28-mm. eyepiece al- 
lows focus from 15 ft. to infinity. Weight 5 Ibs. 


These were used by the government 
for antiaircraft. Government cost 
over $200.00. Price $12.50 


” 






5“ SCHMIDT 
ULTRA-HIGH-SPEED 
OBJECTIVE LENS SYSTEM 


Eastman Kodak infrared re 
ceiver, formerly known as 
U. S. Navy Metascope, Type 
B. 7” long with 5” Schmidt 
ultra-high-speed objective lens 





(approx. £/0.5). Elaborate 

optical system, many coated lenses. Uses two pen- 
light batteries. Government cost, approx. $300.00. 
Factory-new. Shipping wt. 9 Ibs. Price $19.95 


Waterproof carrying case extra. Shipping wt., 3 Ibs. 


Price $3.00 


NAVY INFRARED RECEIVER, 
TYPE C-3 : 


Produces visible image from 


infrared image in complete 
darkness. For seeing in dark 
with infrared light source. 


Nothing to wear out. Operates 
on two flashlight batteries. Has 
high-voltage power supply and 
image tube (1P25) and_ elaborate 





system. 


optical 
Weighs only 6% pounds and is only 11” long, 8” 
,” wide. Manufactured by R. C. A. Objective 
{/0.9 Schmidt system, 2.4” focal length, 31%4” aperture. 


high, 5! 


Excellent condition, with waterproof carrying case. 


Price $35.00 





INFRARED FILTERS 
534” diam. x 44” thick. Price $2.95 


16-mm. SINGLE-FRAME CAMERA 


Manufactured by Bell & How- 
ell (200 series). 50’ maga- 
zine load. Operates on 12 
volt d.c. Has rotary solenoid, 
standard C mount, less lens 
) and view finder. Excellent for 
| photographing records, nature 
study, and so forth. Price 


$35.00 





Send full amount with order. All prices, except as noted, net f.o.b. Pasadena, Calif. No C.0.D.’s, please. 


2176 East Colorado St. 


C&H SALES CO. oneness 
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an appropriate modification of the formu- 
lac given by ‘T. L. MacDonald in the 
Journal of the British Astronomical As 
sociation, 71, 367, 1931. 

The Kuiper atlas will also be of great 


value to the amateur who has a more 
traditional program of making detail 


drawings of craters from visual observa- 
tions. With its aid, he can prepare be- 
forehand an outline of the region, thus 
obtaining a much more accurate scale and 
orientation for his drawing. The atlas 
will also serve as a referee in many cases 
for the confirmation or disproof of visual 
findings with moderate-sized or small 
telescopes. 

With very large telescopes and_ fine 
sccing, visual observations have a_reso- 
lution of about 0.1 second, or four times 
better than the best photographs. Thus 
the Kuiper atlas is very suitable as a base 
for plotting minute detail, during visual 
work with great telescopes. 

Without question, the Photographic 
Lunar Atlas is the most important single 
contribution to selenography in = many 
years. Its price is moderate, considering 
the wealth of information it contains. For 
anyone seriously interested in the moon, 
this beautiful work is a necessity. 


HANDBOOK FOR SPACE 
TRAVELERS 


Walter B. Hendrickson, Jr. Bobbs-Merrill 
Co., Inc., Indianapolis, Ind., 1959. 256 
$3.95. 

HE ‘TTTLE of this book promises 

something far more pretentious than 
its contents deliver. What is to be a ban- 
quct turns out a smorgasbord — a smat- 
and not much of 


pages. 


tering of everything 
anything, 

The author has produced a readable, 
diverting book written apparently for in- 
termediate grade school or junior high 
school students. It will prepare no one 
for real space travel nor will serious stu- 
dents have time for it, but it may be 
worth a couple of hours in an armchair 
by a newspaper reader who doesn’t want 
to go too far. 

‘The book is divided into four sections: 
Pools for Space Exploration, History of 
Rockets, Rocket Bases, and Future of 
Rockets and Where to Go in Space. These 
subjects are dealt with in 35 chapters 
in a total of only about 250 pages. As a 
result, extensive territory is covered in so 
few pages that there is not enough infor- 
mation to develop any sound concepts or 
principles. For example, there are 19 sen- 
tences about radio astronomy, which tell 
so little they might better have been 
omitted. ‘The impression is left that radio 
waves from space are due to galaxies in 
collision, a far too limited conclusion 
even though true for some cosmic radio 
sources. 

Furthermore, the author uses too posi- 
tive an approach to such developments 








as man in space, space stations, rocket 
ships, and trips into space. He writes as 
though these were all so advanced that 
every detail had worked out and 
only the realization remains. The scien- 
tific method requires that conclusions 
come only after there are ample data to 


been 


support them. 

In an effort to be readable, the author 
takes too much journalistic license. As a 
result, current plans and speculations — 
which may well become reality — assume 
a science-fiction the cer- 
tainty with which they are presented. 
This quality makes it impossible to recom- 
mend the book for serious study, 
though it may serve as entertainment. 

The final 10 chapters on astronomical 


tone through 


any 


NEW BOOKS RECEIVED 
RADIOASTRONOMIE, J. L. Steinberg and J. 
Lequeux, 1960, Dunod, 92 Rue Bonaparte, 
Paris 6, 294 NF, paper 
bound. 

Two French scientists present a survey of 


France. pages. 19 


radio astronomy, covering principles, instru- 
ments, and findings from observations of the 
sun, planets, the galaxy, and discrete sources. 
The largely descriptive French text is well 
illustrated, having 156 pictures and diagrams, 
but it lacks an index. 
A BEGINNER'S GuipE TO THE Skies, R. New- 
ton Mayall and Margaret W. Mayall, 1960, 
Putnam’s. 184 pages. $2.50. 

Simple charts and brief descriptions of the 
constellations visible from the United States 
are provided for the beginning amateur who 








© 1959 
PLANETARIUM SHADE 


Attractively styled lamp shade provides the finish- 
ing touch for anyone interested in astronomy and 
space science. Constructed of durable translucent 
stock and printed in color. Stars appear white with 
outline of 37 constellations on deep blue background. 
Constellations of spring, summer, fall, and winter 
accurately scaled and identified by name, with 
Milky Way, zodiac, and equator outlined. Size, 12’ 
diameter, 8/2" high. Supplied with clip or washer- 
type mount (specify which when ordering). Ideal gift. 
Practical and educational. $9.75 ppd. 


FAVORITE CONSTELLATIONS 


OF THE NORTHERN HEMISPHERE 
© 1959 

A photographic atlas of the sky from declination 
30° to the North Pole. This set of 33 slides on 
35-mm. film is made up of actual unretouched 
photographs requiring almost three years to ob- 
tain using special equipment. Set includes 39 
slides — one title, five star maps, and 33 con- 
stellations. Each slide mounted and_ identified. 
Suitable for projection with any 35-mm. equipment 
on screen and ceiling for lectures and teaching. 
This is the finest set of slides we have ever seen; 
each constellation is sharp and clear with excellent 
contrast. Instructions included. $16.00 ppd. 


Inquiries from schools, clubs, dealers, and plane- 
tariums invited. 


SPACEK INSTRUMENT CO. 


1130 Sembling Ave., Pottstown, Pa. 











bodies in space are somewhat better. 
‘There is more logic to the organization, 
and the selection of material holds up 
rather well. Factual data provide a quick 
view of basic astronomy without pretend- 
ing to go into depth. 

Some statements would be questioned 
by astronomers; the author apparently 
did not have access to up-to-date infor- 
mation. For instance, he does not give 
the latest temperature data for Venus, 
and he uses 750,000 light-years as the dis- 
tance to the Andromeda galaxy although 
this has twice been revised upward in the 
past eight years. 

JOHN STERNIG 
Glencoe Public Schools 
Glencoe, III. 


observes with the naked eye or binoculars. 
For each constellation are listed several in- 
teresting objects, such as bright star clusters, 
wide doubles, and red or variable stars. 


THe SEARCH FOR Orper, Cecil J. Schneer, 
1960, Harper. 398 pages. $6.00. 

Writing for the informed general reader, 
Cecil J. Schneer traces the development of 


some fundamental scientific ideas from the 


astronomy of the ancient Greeks to the 
physics of the present day. 
PuysicaAL Science, Donald §. Allen and 


Richard J. Ordway, Van Nostrand. 
825 pages. $8.25. 

This college textbook is intended to pro- 
vide for students with nonscience majors a 
broad view of the physical sciences, by sur- 
veying selected elementary topics in physics, 
astronomy, meteorology, and geology. 


1960, 


Vistas iN Astronomy, Vol. 3, Arthur Beer 
editor, 1960, Pergamon. 345 pages. $18.00. 
Originally conceived as only a two-volume 
survey, Vistas in Astronomy is to be con- 
tinued as a permanent series. Vol. 3 has 
21 chapters, dealing with stellar dynamics, 
geophysics, instruments, the solar system, 
stellar astronomy and evolution, photometry, 
spectroscopy, cosmology, and galaxies. 


THe OTHER SIpE OF THE Moon, U.S.S.R. 
Academy of Sciences, 1960, Pergamon. 36 
$2.50. 

Translated from the Russian by J. B. 
Sykes, this is a brief account of the Soviet 
rocket launched on October 4, 1959, that 
photographed the far side of the moon. 
Three of these pictures are reproduced, but 
less than one page is devoted to a description 
of the hitherto unseen part of the moon. 


pages. 


STARBOUND, Eileen and Raymond Schussler, 
1960, Putnam’s. 160 pages. $2.95. 

This simplified account of rocketry and 
space travel is intended for younger readers. 
Edward 


pages. 


TREATISES, 
283 


THREE COPERNICAN 
Rosen, editor, 1959, Dover. 
$1.75, paper bound. 

Translations into English are given here 
for the Little Commentary and Letter Against 
Werner by Nicholas Copernicus (1473-1543), 
and for the Narratio Prima by his friend 
George Rheticus (1514-76). These three 
treatises are important source material on 
Copernicus’ revolutionary ideas in astronomy. 
In this revised edition of his 1939 work, 
Edward Rosen has provided an extensively 
annotated bibliography of 877 articles and 
books published on Copernicus between 1939 
1958. 


and 


++++4++++DELUXE PYREX++++++++ 
Reflecting Telescope Kits 


Our kits have PYREX mirror blank, PYREX 
tool the same thickness, ample supply of optical 
quality abrasives, fast-polishing cerium oxide, 
red rouge and pitch. Packed in metal cans 





Size Thickness Price 

4%" %"" $ 6.00 

6" | $10.50 

8” 1" $18.75 

10” 134" $33.65 

12" 2" $59.95 
ADD POSTAGE: 1st and 2nd postal zones 
from Detroit, add 5%: 3rd and 4th, add 

10%: Sth and 6th, add 159%: 7th and &tt 


add 20% 


Or we will ship C.O.D 
Send for free catalog of supplies, 
accessories, and refracting telescopes. 


ASHDOWNE BROS. 


| 18450 Grand River Detroit 23, Michigan 
99994494-444-4-4644 4444454444444 


edge field. Balcoted through- 


out. Limited supply. Going fast. Present compara- 
ble list price 3 to 4 times higher. Bushings extra. 


A. 37-mm. E.F.L., $6.00; B. 24-mm. E.F.L., $6.00 
SUN FILTER 
The safe and sane way to look at solar displays 





WIDE-FIELD 

EYEPIECES 

Bausch and Lomb 
$6.00 (Add 25¢ postage) 


Mint new. Kellner type with 
high eyepoint, clear flat-to-the- 





with any size telescope. Each filter is 50-mm. 
(2’‘) diam., 2-mm. (1/12’) thick. Polished flat on 
both sides. Summer or winter density. $2.00 ppd., 


2 for $3.00 ppd. 


LUNAR FILTER. Ideal for brightest full-moon ob- 
servation. Reduces glare. Each only $1.00 ppd 


Please remit payment with order. 
HARRY ROSS — Telescopicals 


61-T Reade St., New York 7, N. Y. 














Now in smaller sizes 


MEW. AERO PLASTIC 
2 


RELIEF MAPS 
UNITED STATES 


16 x 28 
THE WORLD 


w °9,95 


These maps are an excellent visual aid in the 
teaching and study of earth sciences, as well 
as a handsome addition to home or office. 
Vertical exaggeration and color emphasize re- 
lief features. The maps are molded of tough, 
sturdy Vinylite and are self-framed with brass 
grommets for easy hanging. They can be 
cleaned in a minute with a damp cloth. These 
are the maps selected by the U.S. Weather 
Bureau for display in airport weather stations. 
(The U.S. map has insets showing Alaska and 
Hawaii.) 
Also Standard-Size Aero Plastic 
Relief Maps. 


Write for complete catalogue. 


SCIENCE ASSOCIATES 


Astronomy/Teaching Aids 
J & 


Instruments/Weather ° 


194 Nassau St., P. O. Box 216, Princeton, N. J. 
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It takes only $12.50 down to own this UNITRON 


Little wonder that the UNITRON 2.4” Altazimuth Re- 
fractor has long been America’s most popular low-priced 
refractor. 


For UNITRON and only UNITRON combines unexcelled 
optical and mechanical performance with exclusive fea- 
tures designed to increase your observing pleasure. As 
an example, take UNIHEX — the Rotary Eyepiece Selector 
which relieves you of the burden of fumbling with eye- 
pieces in the dark. Or, perhaps your observing situation 
may call for the DUETRON Double Eyepiece, the erecting 
prism system, the Astro-camera 220, or the sun screen. 


Optically speaking, UNITRON Refractors duplicate the 
performance of larger telescopes of other types. Further- 
more, there are no mirror surfaces to become tarnished, 


INSTRUMENT 


no secondary optics to cause diffraction patterns, and no 
folding of the light back on itself with consequent loss of 
definition. It is not surprising that you see more and see 
better with a UNITRON. 


The UNITRON 2.4” Altazimuth Refractor is priced at 
only $125 complete with tripod, sturdy mounting with 
micrometric slow-motion controls, four eyepieces, carrying 
case, and accessories. Using our Easy Payment Plan, a 
mere 10% down payment of only $12.50 brings this 
UNITRON to you. 


With interest in astronomy at an all-time high, now is 
the time to treat yourself to a UNITRON. After all, you 
deserve the very best. 


See the back cover. 


DIVISION of UNITED SCIENTIFIC CO. 
BOSTON 9, MASSACHUSETTS 





UNITRON 
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204-206 MILK STREET 














Choose UNITRON for optical and mechanical excellence 








UNITRON 6” AND 4” MODELS 





UNITRON 6” and 4’ Model 166V. 


There are UNITRON 6” models priced from 
$5125 to $6075. Write for Bulletin 600. 


HOW TO ORDER A UNITRON 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven’t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you re- 
ceive the instrument, and if you should want to pay the 
entire balance due at that time, the carrying charge is 
canceled. (6’’ models available on special plan.) 


To the newcomer and more experienced 
astronomer alike, the choice of “the best" 
telescope is difficult and confusing . . . so 
many makes . . . so many models. An astro- 
nomical telescope must be designed to ob- 
serve "point sources at infinity," and hence 
requires a precision optical system for crys- 
tal-clear definition. Optics and mountings 
must be equally precise to track the star or 
planet. One without the other is useless. 
Invest in a UNITRON and be certain of com- 
bined optical and mechanical excellence. 


MANY Models To Choose From! 


1.6 ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 

2.4” ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4’ EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3’ ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3’ PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 
4’ ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 
4’ EQUATORIAL ($78.50 Down) with $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 
4’ PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 
4" EQUATORIAL with clock drive $985 
($98.50 Down), Model 160V, eyepieces as above 
4” EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 
4’ PHOTO-EQUATORIAL with clock drive and $1175 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 
4" PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), with 10 eyepieces 








New UNITRON View Finders 
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UNITRON’s popular view finders with newly designed optics and mechanical features are better than ever. 


From left to right: 23.5 mm., 30 mm., 42 


1. VIEW FINDER (Used on UNITRON 2.4” Equatorials): 
23.5-mm. (.93’) achromatic objective, 6x eyepiece with 
crosshairs. Chromed brass tube. Mounting brackets with 


centering screws. Only $8.50 postpaid 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2’’) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 
Finder 3. 


Only $10.75 postpaid 


UNITRON 


3. VIEW FINDER (As used on UNITRON 4” Refractors): 
42-mm. (1.6) coated achromatic air-spaced objective. 
10x eyepiece with crosshairs. Duralumin tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets, centering screws for collimation, and mounting 
screws. This finder measures approximately 16” over- 
all. It is light in weight, compact and small enough for 
use as a hand telescope furnishing spectacular wide-field 


views of the sky. 
Only $18.00 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 


204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 








Note These UNITRON Features 


@ LENSES are FULLY CORRECTED for spherical and 
chromatic aberration and are COATED for maximum bril- 
liance and clarity of image. Optics especially designed 
for astronomical observation. AIR-SPACED OBJECTIVES. 


@ REFRACTOR type of design duplicates the perform- 
ance of larger telescopes of other types. No mirrored 
surfaces to become oxidized. Superior definition to the 
very edge of the field. 


@ EYEPIECES of the HIGHEST QUALITY: Orthoscopic, 
Achromatized Symmetrical, Kellner, Huygens. Three to 
ten eyepieces included with each instrument. 


@ FINEST MATERIALS used throughout. DURALUMIN 
TUBE. Moving parts of BRASS carefully machined to 
close tolerances, and finished in CHROMIUM. No surplus 
components used. 


@ MODERN DESIGN based on time-tested engineering 
principles. HANDSOME APPEARANCE to which no illus- 
tration can do justice. 


@ EQUATORIAL MODELS have slow-motion controls for 
both declination and right ascension as well as con- 
venient clamps on both axes. Sturdy TRIPOD (or PIER). 


@ ALTAZIMUTH MODELS have slow-motion controls for 
both altitude and azimuth as well as clamps for both 
co-ordinates. Sturdy TRIPOD. 


@ VIEW FINDER with crosshair eyepiece. 
@ RACK-AND-PINION FOCUSING. 


@ Choice of UNIHEX Rotary Eyepiece Selector or STAR 
DIAGONAL and ERECTING PRISM for TERRESTRIAL OB- 
SERVATION. The same complete range of terrestrial 
magnifications as for celestial observation. 


@ SUNGLASS for solar observation. 


@ ADDITIONAL ACCESSORIES available to add further 
to your observing pleasure. 


Higher- and lower-power eyepieces available for 
all models. Prices include basic accessories, tripod 
and mounting, fitted wooden cabinets, and operating 
instructions. 


+ UNITRON’s FREE 





Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON’s handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs. 










Contents include— 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 
Amateur clubs and research 
programs 
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INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET * BOSTON 9, MASS. 





Please rush to me, free of charge, UNITRON’s new Observer's 








Guide and Telescope Catalog 20.p. 
{ Name cline miticlaeaticiiia j 
i CO ee | 
eS 


fee cee ee cee ce cee cee ee ee ee ed 


July, 1960, Sky aANp TELESCOPE 45 








8-Power Elbow Telescope Astronomical Mirrors 


These mirrors are of the highest quality. Aluminized t 
This telescope has a_ brilliant-image : 
i8° apparent field; actually 325 feet 
at 1,000 yards. Can be adjusted for 
¢ a agg 







and silicon-monoxide protective coating. You will 
be more than pleased with their performance. 














Cat. No Diam. F.L. ppd. 
focusing 15 feet to infinity. achro- . : a i 
matic objective, focusing eyepiece 28- cae —_ glass —" =. co 
mm. f.l., Amici erecting sys- pi Pk Pi 60” 25.00 
C d Bi | tem. Turret-mounted filters: $2188 i 6” parabolic 48” 54.50 
oate inoculars clear, red, amber, and neu- yrex P : 
3eautifully styled i ars. “isi ade tral. Lamp housing to il- { ° 
Beautifully styled o wor Precision made. luminate reticle for night use. coos Mounted Eyepieces 
LOW, LOW PRICES! Tey Oe Wanee Whe ee ee cont Atte The buy of a lifetime at a great sav- Go 
were ever offered. riginal ov t. «& prbaiely ing. Perfect war-surplus lenses set in 
Cat. No. $1686 Not Coated ............ $13.50 ppd. black-anodized standard aluminum 
Cat. Ne. SIFTS Coated «4.0.2.5 ..0cc0r0es $17.50 ppd. 1144” O.D. mounts. 
- esa Cat. No F.L. Type ppd: 
Mirror Mounts £ xy , ») $2192..... 6mm. (14")...... Orthoscopic ...... $13.25 
mie ; . sId ns k _— $18S1..... 6mm. (%4")...... ROMOGON 26625000 4.75 
a a ABBA $1853.25 212.5 mm. (12). Ramsden 2... 4.50 ’ 
; Completely adjustable, assem- —y $1207....12.5 mm. (1/2’")... . Symmetrical wre ee 6.00 
American Type "'Zeiss’’ Type sled poe Sl a mm. 7 page pie (wide-angle) . Leg 
: P sigiged Bis : ....16mm. “oy Sa tthoscopic ...... 3 
Complete with carrying case and straps. American Cat. = — 16 povnett oo “= ary $1209....18 mm. (34")..... Symmetrical ...... 6.00 
type offers a superior one-piece frame and clean de- Cat. No. on debo soma el aE bine : 650 ood. SUSU. sccm, (27 AG2 ). RENNER occ sce sos 6.00 
sign. Individual Focus (IF) or popular Center Focus Cat. No. $1 6 lount ror a ‘ ‘ $1835....27 mm. (1-1/16”)..Kellner .......... 4.50 
(CF) - m S1S5S....02 m..(114")...... ery 12.50 
Field Prismatic Telescope $1253... .35 mm. (136”)..... Symmetrical ..... 8.00 
Cat. Size at 1,000 Type Price $1255....55 mm. (2-3/16"’). MMUND ace 6.8coccause 6.00 
No. yards F ppd. ' >. $1485... .56 mm. (214’")..... Symmetrical ...... 6.00 
$1149 6 xISIF 360ft. Opera ......... $12.75 NEW! AY \ go CREED SEN 75 cents: enive. 
$1436 6x 30(F 395 “Zeiss” ....... 18.75 < > \ } -mm. “Giant” Wide-Anale Evenioces 
14 x301F 395 ge . 16.75 H H - 
$1438 7x35CF 341 “Teiss’ |...... 20.75 }) = Objective ; 9 yep 
$1437 7x35iF 341 “Teiss’ ....... 17.95 a + Erfle eyepiece with 65° field. contains 
$1771 7x35CF 341 American . .. 23.50 / 4 3 coated achromats. 114” E.F.L., clear 
$1439 7x35CF 578 American* ..... 35.00 } 2 3 Big 80-mm.-diam. (31¢”) aperture 2144”. Has a focusing mount 
$2191 7xS50CF 530 American** 42.50 ‘ objective. Use for spotting or with diopter scale. Also makes an 
$1106 7xS50CF 372 rr . 24.95 astronomical viewing. Great excellent 35-mm. Kodachrome viewer, 
$-961 7xSOIF 372 of oT dae 22.50 light-gathering power that magnifies seven times. 
$1503 7xSOCF 372 American ... 32.50 will pick up faint objects at. No. $1405 (Illustrated) ............. $12.50 ppd. 
$1443, 8x30CF 393 “Zeiss” ..... . 21.00 even under poor sky condi- Cat. No. $1858 Same as above without di- 
$1229 8x30IF 393 TS ok ess ee tions. Will show stars of ODOT ECR 6 ols cronies sbecgaait osc sies 9.95 ppd. 
$1108 10xS501F 275 | dae ree 26.75 the 11th magnitude — 100 Cat. No. $1595 11/4’-diam. ADAPTER for eye- 
$1442 20x50CF 183 of Oa | times fainter than the faint DIBDRS WEDD IE oux a kero ts enced 3.95 ppd. 
$1441 20x501F 183 sf eee 31.75 est. Wie go to the naked eve. 
*Wide-angle 11 **Wide-angle M7 \ Tripod included. H 
sa : FIVE EYEPIECES Wide-Angle Erfle 
All prices above plus 10% Federal tax. Fieldat Exit pupil _ Relative il ia iia ail Mi aks, 
Power 1,000 yards diam. Brightness : PERC : sing 
M | ' NY coated. E.F.L. 114”. Focusing mount, 
x onoculars 15x 122 ft. 5.4 mm. 29 . 3 perfect achromats, 1-13/16” aperture. 
Brand new, coated optics, complete 4 yt ae 16 COMO TENN oie cccievessraina ostinciinwersccee $13.50 ppd. 
with pigskin case and neck straps. ‘ 49 0 4 Cat. No. $1593 11/4’’ diam. ADAPTER for eye- ' 
AC 49 = .0 " POROR MINION: 5 cic 5 6c nic cin cece cemeulen ws 3.95 ppd. 
Cat. No. $1576.......... i eee we 9%. * 1.3 sities 
Cet. Me. SIS77.......... SAA 11.25 ppd. AT. WO. SLUGL «wo eee e ce ceecereeseces OU ppd. H . 
oS Se Lo Sere 12.50 ppd. 60-mm.-diam. Scope. Same as above but with An Economical Eyepiece 
Se. See fo ae 14.75 ppd. smaller objective. Equipped with same five eyepieces This mounted eyepiece has two 
oe a ee 2) oe 17.50 ppd. 15x, 20x, 30x, 40x, 60x. With tripod. magnesium- -fluoride-coated achromatic 
Cat. No. $1580......... BORD, 26600000 BOO eee:. SEMA BIRD cic cakescancccesceewurs $42.95 ppd. lenses 29 mm. in diameter. Excellent 


definition. E.F.L. 114”. Cell fits 
114” tubing. 


ASTRONOMICAL OBJECTIVES Gat. Wo. $1911 Coated «ooo esesesseeees $5.90 ppd 


i Cat. Ne. S399) Not Coated ......60.50.00%. 5.25 ppd. 
e © e Air-spaced « « « 


e e e 

“THOSE WHO KNOW” -a&- 

THOSE WHO KNOW” Rack-&-Pinion Eyepiece Mounts 
Each lens is thoroughly tested and 
guaranteed to resolve to Dawes 
limit. They are corrected for the C 
and F lines (secondary chromatic 
aberration). The zonal spherical 
aberration and the chromatic vari- 
ation of spherical aberration are 
negligible. The cells are machined 


For Retractors 





Here is a wonderful opportunity 
for you to own a most mechani- 
























to close tolerances so that they fit See # 1862 cally perfect Rack-&-Pinion Fo- 
directly over or into our standard “ e260 # 1473 # 1471 cusing Eyepiece Mount with vari- 
aluminum tubing, eliminating any able tension and adjustment. Will accommodate a 
mounting problems. Test a lens, or standard 114” eyepiece, positive or negative. The 
have any qualified person test it; we are certain that you will be satisfied. If not, take advantage of our money body casting is made of lightweight aluminum with 
back guarantee. We offer the lowest-priced, hand-corrected, precision, American-made astronomical objective. black-crackle paint finish, focusing tube of chrome- 
mounted in an aluminum cell. Our reputation for high-quality lenses has established us as the most reliable plated brass. Focusing tube for refractors has a travel 
source in the industry. HARD-COATED ON 4 SURFACES. of 4”, for reflectors 2”, and will fit all size tubing. 
3Va" APERTURE £/15 — 48” F. L. 4 Cat. No. $1447 NOT COATED $28.00 ppd pian tg ~ Poiana 
4 oe RUST PEO HORI 5s 6:55 ono dca etic canes .00 ppd. Vat? : 
OU EINE 35 <.ccvccssc0n4castnsxsersuenys 32.00 ppd. Et. Ne ote toe ee LO, Tete nase ok 
4g" APERTURE £/15 — 62” F. L. 4 Cat. No. $1472 NOT COATED ............eecseeeeeeeeeees $60.00 ppd. Cat. No. $1496 for 434” I.D. Tubing ..... 12.95 ppd. 
me EED -CSRINEEND CL. cccles.cue asses dbs env ee ee euden'y 69.00 ppd. REFLECTOR TYPE rn 
6” APERTURE £/10 — 60” F. Ll. § Cat. Me. SIB6T UNMOUNTED ......ccccccccsccescccoccces $150.00 ppd. $1976 (I di | hold $8.50 d. ? 
GME IE WIIIED. cc cocesccccsscvevevcscsveayer 176.00 ppd. Cot. Rio. SEES fone eS seeees sa 
6” APERTURE £/15 — 90” F.L. f Cat. Me. SIB6S UNMOUNTED ....... cc cccccccccccecsccces $150.00 ppd. aes Bere S 
Ae Ne EE. UNEEEED 6 0'56-0:6. s 0civacies0d00s et 0sennweee 175.00 ppd. 
= i @ FREE CATALOG @ — 
Millions of lenses, prisms, eyepieces, rack-and- 
BIG ACHROMATIC TELESCOPE OBJECTIVES pinion eyepiece mounts, cells, aluminum tubing, 
We have the largest selection of diameters and focal lengths in the United States available for immediate de- mirrors, binoculars, telescopes, parts, acces- 
livery. These are perfect magnesium-fluoride coated and cemented Gov't. surplus lenses made of finest crown sories, and so forth. Write today! 
and flint optical glass. Not mounted. Fully corrected. Tremendous resolving power 
ALUMINUM TUBING and CELLS are in stock @ We pay POSTAGE IN U. S. — C.0.D.'s you pay postage. 
Cat. Diam. F.L. ppd. Cat. Diam. F.L. ppd. Cat. Diam. F.L. ppd. Satisfaction guaranteed or money refunded in 30 days. 
No. No. No. 
$1476. .(2/e’’)....(10°) ....$12.50 $1520. .(21/e’)....(50’) ....$12.50 $-957. (3M 41). «.(40") ... $9B00 
$1192. .(2Ve’’)....(1134") .. 12.50 $-851. .(3- 1/16”). (ila ee FA gd ae (34/2’') .. 60.00 
Snee..teve’)....(19") .... 190 $1158. .(34e"").. “(19V/2"") .. 28.00 $1460 aye) 96" .... 60.00 
$-958. .(2e"’)....(15¥2") .. 9.75 S$-822. -(3-3/16" ‘) .(24Y2"') .. 22.50 $1159* . (436)... .(42’) .... 60.00 
$1145. .(2/e"")....(20°) .... 12.50 $0002. (344)... (26°) .... BM $1225. .(436"’)....(42") .... 67.50 Y. 
$952. .(21/e"’)... (232) .. 12.50 | $1093. .(314")....(28) .... 28.00 | $1474*.(5-1/16").(2434") .. 75.00 ICK RD., LYNBROOK, N. Py 
$1431. .(2e"")....(30) .... 12.50 $1139. .(314’’)....(30’) .... 28.00 $1475. .(5-1/16).(2434’’) .. 85.00 6915S fae : 
$1432. .(2/e"")....(40) .... 12.50 | S-955. .(314"")....(34/2") .. 28.00 | *Not coated. 
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“GLEANINGS FOR ATM’s 


CONDUCTED BY ROBERT E. COX 


MEASURING THE MAGNIFICATION OF A TELESCOPE 


HEN a friend who is viewing the 


moon or a double star through your 


telescope asks what magnification you are 
using, can you give him a precise answer? 
Or if you are a lunar and planetary ob- 
server who makes drawings of what you 
see, can you label the magnification on 
each drawing with confidence that it is 
right? 

Often there is a considerable difference 
in the rated and the actual power of a 
commercially produced telescope, and eye- 
pieces very frequently fail to have their 
catalogue focal lengths. Manufacturers 
of mass-produced optics are not neces- 
sarily at fault in this, because cost pro- 
hibits individually measuring and marking 
each assembly. Although radii of curva- 
ture, lens thicknesses and spacing can 
each be kept within design tolerances, the 
accumulation of small differences may re- 
sult in a sizable variation in the assembled 
eyepiece or telescope. 

An amateur’s own instrument must also 
be tested with various eyepieces to deter- 
mine the effective magnifications. War- 
surplus elements and eyepieces have very 
roughly labeled powers, and specifications 
furnished with them are often unreliable. 
Finally, when a Barlow lens is used to in- 
crease the power, the setting of the Bar- 
low in its adapter tube is usually done 
haphazardly and the actual magnification 
obtained is quite uncertain. 

It is evident from the foregoing that 
one cannot simply take published speci- 
fications and apply them to the well- 
known relation that the magnifying power 
is the focal length of the objective lens or 
mirror divided by the focal length of the 
eyepiece. Fortunately, however, there is 
a simple method by which the magnifying 
power of a telescope can be measured, 
good accuracy being obtained without the 
use of elaborate accessories. 

The method is based on a fundamental 
relation among three quantities: M, the 
magnification of any objective-ocular com- 
bination; D, the diameter or clear aper- 
ture of the objective or mirror; and R, 
the diameter of the objective’s image 
formed behind the eyepiece. This formula, 

M=D/R, 
holds even for telescopes with erecting 
systems, Barlow lenses, or secondary mir- 
rors, if they cause no vignetting. 

Since the objective diameter is easily 
measured, our problem is to determine I. 
One procedure is to focus the telescope 
for infinity (perhaps on a star) and later 
point it to the daytime sky. Move a piece 
of ground glass or white card back and 
forth behind the eyepiece until the point 
is found where the emergent beam is 
smallest and most sharply defined. This 
circle of light is the exit pupil or Ramsden 





disk; its position is where an observer 
should place his eye to see the complete 
field of view of the instrument. 

The Ramsden disk is generally quite 
small. For a 6-inch reflector of 50” focus, 
it is only 0.120” across with a 50x ocular, 
and 0.030” at 200x. This is too small to 
measure by holding a ruler behind the 
eyepiece, even with the aid of a magnify- 
ing glass. 

However, there are available today 
pocket-sized optical comparators that con- : 
tain reticles graduated to read dimensions ee ¢- xan 
to the nearest 0.005”. These cost from 
$7.95 to over $25.00, and will give fairly 
good results for a 6-inch telescope at low 


powers. But for powers higher than about 
200x, a measuring device that can be read Highly ( u 








or 





; : a 
to 0.001” is desirable. 


I have found very satisfactory an Ed- 


mund 50x pocket microscope with a scale Optics are our business. 
0.100” long divided in units of 0.001”. 

The accuracy of this instrument was For quality without compromise — 
checked against a set of feeler gauges and 

found to be consistently good. In meas- 

uring the size of the Ramsden disk of a T OPTICAL LABORATORIES 


6-inch telescope at 50x, one division cor- F 
responds to a difference of Ix, and at 
200x to 6x. 

Having ascertained the magnification 


P. 0. Box 481 


Huntington Beach, Calif. 











GARTH ACCESSORIES 


TRIGARTH TURRET — Holds three standard 11/4” O.D. 
eyepieces. $15.95 ppd. 
RACK AND PINION — Machined from solid aluminum 
castings. Main tube, 134” long; sliding tube, 2”; 
total movement, 334”. Takes standard 11,” eyepieces. 
Gray or black crackle finish. $15.95 ppd. 
(Both Turret and Rack and Pinion as illustrated at 
left, $31.90 ppd.) 

WIDE-ANGLE RAMSDEN EYEPIECES Precision made, 
standard 114” O.D. Three sizes: 44”. 4”. and 1” | 
o.F.L. $7.00 each, ppd. 
MIRROR CELLS — Light sturdy aluminum. Spring-adjusted 
to absorb shocks. Cut away for ventilation. 


6", $7.00; 8, $11.50; 10’, $35.00; ppd. 
ELLIPTICAL DIAGONAL HOLDER — Accurately machined 


from solid brass to fit 1144” minor-axis elliptical diagonal. 


Fully adjustable for rotational and longitudinal movement. 
$10.00 ppd. 


Satisfaction guaranteed. Write for free catalog. aa 


GARTH OPTICAL CO. sprgGeib'® 8.5 















Magnusson Telescopes and Accessories 
% Mountings as low as $29.00 and $59.00. 
% Low-priced clock drives and other accessories. 
Parts are sold separately. Write for prices. 


SETTING CIRCLES 


Made of choice aluminum or brass, 
machined and polished all over. 
Hour circles, machine-scribed with 
hour, half-hour, and five-minute 
marks. Declination circles scribed 
in degrees 0-90-0-90. Numbers 
stamped with 1g” dies. Holes 
reamed standard sizes. State sizes. 





Aluminum Brass 


5” circles, set of two 
6” circles, set of two 
8S” circles, set of two ... 


14570 West 52nd Ave. 
O. MAGNUSSON yah tha 


J 
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TANK-DESTROYER TELESCOPE 


This 3x telescope contains a 
. | 





This fine government-surplus 3x telescope has a 
"diameter objective of 15” focal length and a 
giant 3.8”-f.1. eyepiece witl i ” diameter eve 
lens The coated optics alone ire wortl more 
thar r low ‘ of $39.95. Shipped express 
collect. Weight 75 Ibs 


M-1 PANORAMIC TELESCOPE 


’ symmetrical eye 


minable crossline reticle; an Amici, 
t-angle prism in a housing that 
precision worm and gear while 
ns stationary Makes an excel 


just mount it rigidly 
by idj ist 


$7.95 


ind al 


cle itor ind izimutl cor 


It easily 


trols 


OPTICAL RESEARCH CO. 


Box 42, Erlton, New Jersey 








Th 


fessio 
able: 


( 
t., 
( 
grin 
A 
Nor 
© 
tion 
A 
Dr 
Pc 
an 


’ 


all ac 
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A complete 4” 


Guaynabo 


RANDON OCULARS 





the 
choice of the amateur as well as the pro- 


ese orthoscopic oculars are 
Seven sizes avail- 
$-mm., |2-mm., 
32-mm._ focal 
outside diameter. 
$15.95 each 


jon Oculars may be purchased a 


nal astronomer. 
i-mm., 6-mm., 
24-mm., and 
Standard 11,” 


ive Optical Co 
Long Beach 4, Calit 

Astronomics, Box 209, Cha 
Ohio 


leveland 
Falls 
and Photo Co S70 
Chicago 30, Ill. 


D.¥. 


merican Lens 
thwest Highway 
Laboratory, Box 25, Sta 


Ohio 
.900 I 


ptron 
Dayton | 
dler Planetarium 
Chicago Ill 


Achsah Bond 


Shop, 14319 Michi 


Mich 
rd We 
AVAILABLE SOON 


refractor telescope with 
Write for details. 


ylaris Telescopic 
Ave., Dearborn 


r airect aiuma, 


will ship 


cessories. 


LIBRASCOPE P. R. 


Puerto Rico 
Formerly BRANDON INSTRUMENTS 








of an objective-eyepiece combination (by 
measuring the Ramsden disk and using 
to know the 
Kou 


the formula), we next wish 
individual focal lengths of the two. 
the telescope objective or mirror, measure- 
ment of the focus is relatively easy; one 
simple way is to use the element as if it 
were a burning elass, and measure the 
distance from the lens or mirror to where 
the solar image is smallest. The equiva 
lent focal length of the eyepiece (f) is com- 
puted from the relation, f IM, where 
I’ is the focal length of the objective ce 
mirror. 

\s an example, suppose that with a 6- 
the Rams- 
0.025”. 
par- 


reflector the diameter of 


disk 
the 


inch 


den has been measured as 


Then magnification with this 


Ear! Bess, telescope mak- 
ing instructor of the 
St. Louis Astronomical 
Society, here measures 
the size of the Ramsden 
disk of a 6-inch reflec- 
tor and eyepiece combi- 
nation. At the bottom 
of the picture the upper 


end of the telescope 
tube is seen, setting 
horizontal with the mir- 
ror end toward the 
right. A part of the 
finder is visible. Mr. 


Bess is looking through 
a microscope mounted 
in a wooden collar or 
bushing, the latter in 
turn being attached to 
a clear plastic cylinder, 
acts as a spacer 
and holds the micro- 
scope in position for 
measuring the Ramsden 
disk size. Photograph by 
Robert E. Cox. 


which 











SIX MILES FROM MARS! 


WE ARE LOCATED SIX MILES SOUTHEAST OF MARS, PENNSYLVANIA! 
TELESCOPE MIRRORS 

C.A 6” a” 10” ‘i i¢ 
(/5-10 $ 55.00 $ 95.00 $160.00 $ 250.01 $475.00 $ 900.00 $1900.00 
f/4 RO.O1 135.00 195.00 95.00 595.00 1100.00 100.00 
{/3 110.00 190.00 240,00 525.00 
{/? 0, O1 380.00 500.00 750.00 
f/1 $0.00 500.00 750.00 1000.00 

{/4 to £/10 figured t e-wave sodium light Focal lengths held to plus or minus 1¢ 

f/1 to f 0% of reflected light rays within 0.004”-diameter image 

Certified Te Report with all min 
Term On orders of $250.00 or less, 25% with order, balance when ready for deliver Over 
$250.00, terms may be arranged 
Optical elemen her types and ) gq don / 
Wy t ” 


THREE “B” OPTICAL 


CO. 


Dept. A, R.D. 4, Box 225 
Gibsonia, Pennsylvania 
Phone: Hilltop 3-1178 
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240. 
length of 


If we 
the 


ticular eyepiece is 6” / 0.025” 
have the 
mirror as 48”, then the equivalent focal 
0.20”. 


be 


measured focal 
length of the ocular is 487/240 

Measuring the Ramsden disk may 
difficult, for one or two reasons. Irradia- 
tion can cause it to appear larger than it 
actually is, especially if the disk is too 
bright. Often, at low powers the disk will 
be larger than the 0.100” limit of the 
measuring reticle, but it can be brought 
within scale by reducing the telescope’s 
aperture by a diaphragm of accurately 
known size. 

\n alternative method that avoids sev- 
eral sources of error is to scribe with di- 
viders a circle of appropriate size on a 
sheet of clear plastic 1/16” or 1/8” thick. 


The circular scratch is then filled in with 


ink or black paint. When the sheet is 
held in front of the telescope, a corre- 
sponding black circle is seen in the Rams 
den disk. 


instead of the whole disk. 


diameter is measured 


This procedure 


and_ its 
is recommended whenever magnification 
is determined with a reticle, as it avoids 
the disappearance of the graduations out- 
side the image. 

For accuracy, it is particularly impor- 
tant that the telescope be focused at in- 


finitv. This can be done indoors with the 
aid of a small collimator, which can be 
a finder whose reticle has been accu- 


rately positioned, following the instruc- 
tions given on page 440 of the May issue. 
Preferably, the collimator -lens should 
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If a Barlow lens is adjusted by pushing a blunt stick into one end of the adapter 
tube, the stick position shown by dashes may be used as a check. 


oO" 


have a diameter of at least 2” and a focal 
leneth of over 20”, 

In using the collimator, place the tele- 
scope with its tube horizontal. The col- 
limator is put in front of the telescope, 
which is then focused until the illumi- 
nated reticle, as viewed through the tele- 
scope ocular, is as sharp as possible. This 
adjustment should be made by the same 
person who will be using the instrument 
in actual observing. Then, any imperfect 
accommodation of his eve will not affect 
the numerical value of the telescope’s 
magnification when he is observing. 

\s already implied, a device for meas- 
uring the Ramsden disk should be par- 
ticularly useful to observers who employ 
a Barlow lens to increase magnification. 
\s ordinarily sold, the negative lens can 
be slid along its adapter tube, permitting 
amplification of up to two or three times. 
The magnification corresponding to any 
setting of the Barlow lens can be found 
from a measurement of the diameter ol 
the Ramsden disk. 

Instead, the amateur may want to know 


beforehand just what Barlow settings will 
give a selected set of powers, such as 100x, 
150x, 200x, and so on. First the size ol 
the Ramsden disk for the desired power 
is calculated, then the lens is shifted back 
and forth along its tube by inserting a 
broad piece of wood (not a finger), until 
this size is obtained. For consistent re- 
sults, the ocular should always be firmly 
seated in the adapter tube, as any differ- 
ence in placement affects the power. 
Once the Barlow position is found for 
a particular magnification, the eyepiece is 
removed and a mark made on the wooden 
pusher to show the distance from the lens 
cell to the end of the adapter tube. Fi- 
nally, each mark is labeled with the ap- 
propriate power. If several evepieces are 
to be used with the same Barlow, a sepa- 
rate set of marks is needed for each, but 
these sets could be on different sides of a 
hexagonal or square stick, instead of on 
individual pieces of wood. The 
calibration process can be conveniently 


whole 


done indoors, with the aid of a collimator 
as described above. 





with an 


Reflector. 


telescopes. 


1960 and for many years to come 
ASTROLA Reflecting Telescope. For 


with clock drive, setting circles, 2°’ 
orthoscopic oculars. 


Breathtaking Performance — 


ASTROLA REFLECTING TELESCOPE 


American Made — Available on Time Payments 


Truly breathtaking performance is yours with an ASTROLA 
If you are an ASTROLA owner, you will enjoy many 
thrilling views — the finer markings on Jupiter’s cloud belts, 
gaps in Saturn’s ring system, delicate details on Mars, such as 
the canals — all far beyond the grasp of smaller or less perfect 
If you haven’t ordered your ASTROLA, why wait? 
Countless observing thrills will be yours throughout the rest of 

with an_ all-precision 
solid observing comfort, 
nothing matches the De Luxe ASTROLA models, with electric 
clock drive, large solid-brass setting circles, and smooth rotating 
tube always allowing the eyepiece to be horizontal. 

We are proud to present our newest 10” f/7 ASTROLA, pic- 
tured here, on a permanent 9’’-diameter steel observatory pedestal, 
finder, and four Brandon 
Full price, including packing and crating 


OPTICAL FLATS 
Pitch Polished, Beral Coated 
ee Shape 


4 wave $4.50 each 
Postpaid. 


Elliptical shape 
Heavy edges to minimize 
temperature effects. 
114” minor axis. 
4 wave $4.00 each 
VY, wave $6.50 each 


VY wave $1.75 each 
1 





Postpaid. 
BERAL COATINGS same optical character 
istics as aluminum — _ mechanically more 
durable — not over-coated — may be removed 


without harming glass surface. Prices for 
Beral coating telescope mirrors: 4” diameter— 
$3.50, 6”—$5.00, 8”—$6.50, 10”—$8.50, and 
1214”—$12.50 each, f.o.b. Skokie. 


LEROY M. E. CLAUSING 
8038 Monticello Ave. Skokie, Ill. 











THE ASTRONOMER KIT 


A complete telescope mirror making kit. 
we FOUCAULT TESTER, in its entirety, with light 
source, knife-edge, measuring scale 
PYREX MIRROR BLANK 
% NEW, NONVITREOUS TOOL, 
more accurate 
SEVEN ABRASIVES for greater safety and speed 
CERIUM OXIDE for fast, clean polishing 
SPECIAL OPTICAL PITCH to minimize danger of 
turned-down edge 
MAGNIFYING LENS, essential in mirror grinding 
%& DETAILED, ILLUSTRATED INSTRUCTIONS, “Mirror 
Making in the Kitchen’ 


(Starred items exclusive with The Astronomer Kit) 


faster, smoother, 


once hag) SEE CORTE Ce $15.00 ppd. 
44-inch. ..$11.50 ppd.; 8-inch. ..$22.50 ppd. 
Foucault tester only............. $ 6.00 ppd. 


Money-back guarantee. Write for catalogue. 


ASTRONOMY, inc. 
Suite 305, American National Bank Bldg. 
Denver 2, Colorado 











(f.o.b. Long Beach), $795.00 
PORTABLE ASTROLA REFLECTORS NEW ALUMINIZED 
6” Student, £/7 to f/9. .$194.50 PYREX MIRRORS 
Standard De Luxe AND DIAGONALS 
Gessac $325.00..... $500.00 OP os vias era pistaraioe ...+- $60.00 
Scie $390.00..... $590.00 BP a 66 sSacassreceruintebereearakts $92.50 
NOS anon $495.00 $750.00 LD Rr S . .$160.00 
12/2" Transportable......$1150.00 121/2’..... $250.00 
Send for our new 1960 complete color catalogue and full-price sheet. 
Visit our display room when you are in the Los Angeles aiea. Always 
in stock are many small reflectors, vefractors, books, and accessories, 
CAVE OPTICAL COMPANY 
i137 E. Anaheim St., Long Beach 4, Calif. 


Phone: GEneva 4-2613 
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Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 


of our clear fused quartz diagonals 

Accuracy guaranteed 1/20 wave 

Ellipse 1.25" x 1.77" $12.00 

Ellipse 1.5" x 2.12" $15.00 
Pyrex diagonals, 1/8-wave accuracy 

Ellipse 1.25" x 1.77" $ 6.00 

Ellipse 1.5° x 2.12" $ 9.00 


Without aluminum coating, deduct $1.00. 


Send for our complete list of supplies, 
uartz mirrors, blanks, oculars, 
coatings, and accessories. 


E& W OPTICAL CO. 
2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 








Announcing — 
A NEW TELESCOPE SHOP 


Michigan's Largest — Two Stores 
Main Store in Dearborn, Michigan 
Complete line of 
Telescopes (Unitron dealer), parts, and 
accessories; books; maps; charts; cam- 
eras; Brandon eyepieces; Barlow lenses; 
microscopes and supplies; do-it-your- 

self kits, supplies, and accessories. 

Always a good buy: MIRROR CELLS, 

cast aluminum, completely adjustable, 

with alignment lock screws 

6” $5.95 ppd Br $9.75 ppd 

Write 

POLARIS TELESCOPIC SHOP 

14319 Michigan Ave., Dearborn, Mich 
Phones: LU 2-8466 LO 3-3318 


for free catalogue 














_TELESCOPE HOBBYISTS _ 














=[ PRECISION OPTICAL 
ee SUPPLY CO. 











TEN DAY 
MONEY-BACK GUARANTEE 


HOME INSPECTION 
of the finest 


TELESCOPE PARTS AND KITS 


MIRROR MAKING KITS 
telescope, Quality supplies $490 ur 
and instructions. 


6” PYREX KIT $9.50 
aera 















HARD OVER-COATED 


ALUMINIZING 
” $350 


Superior reflecting surface. 
to peel or blister. 
YOUR MIRROR TESTED FREE ON REQUEST. 


8” $450 


Guaranteed not 





Complete Instructions, 10c. Free Catalog. 


Precision Optical Supply Co. 
1001-T E. 163 St., New York 59, N. Y. 


TOPO CUCU SEC ESEUCEESE ESET EEE TEE 
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A PORTABLE OBSERVATORY FOR SMALL TELESCOPES 


FTER a telescope, the most desirable 


possession for an amateur is a_per- 
manent observatory. However, to acquire 
usually costly. Moreover, if the 
decides to change his residence, 
moving the installation be- 
comes a major task. 


seven or 


one is 
owner 
permanent 
Phroughout eight years of 
observing, I have had to battle the ele- 
ments — wind, dew, cold — and man-made 
interferences, such as porch lights. For 
shelter, I have tried to improvise with 
tents, vinyl plastic coverings, even a table, 
but with little success. 

Last November I came upon a mate- 
rial Fomecor — which seemed ideal for 
a portable observatory. This is a }”-thick 
lightweight insulating material that is 
being tested for use in Antarctic regions. 
It has a plastic-foam core and is Jaminated 
on two sides with heavy Kraft paper. 


I designed a scale model, 1/6 actual 


size, of the observatory and turned it 
over to a cardboard company in Chicago, 
Illinois. The first prototype was presented 
to the Chicago Astronomical Society last 
January. 


in diameter, 71’ 


The observatory is 80” 
high, and weighs about 50 pounds as 
sections, 


sembled. It is made up of 17 


each having 3” grommets bordering its 
edges. ‘The pieces are fitted together with 
cadmium-plated bolts and wing nuts. ‘The 
dome doors are held open with two cad 
mium-plated rods, which in turn fit into 
erommets located in the roof. Plywood 
strips give strength to the door. 

Iwo persons can easily put the unit 
together in 20 minutes. For repacking, it 
fits into a telescoping box that measures 
32” wide, 6’ long, and 38” deep. This 
container easily goes into a station wagon. 

During an observing session, the hous- 
ing can be moved or pushed on its base 
to any desired position. I can observe for 
about an hour without moving it. If 
there is a strong wind, there are six L- 
shaped hooks that can be driven into the 
ground along the plywood ring base. 

The structure is finished in silver on 
the outside, flat black inside. 

MILLARD F. WELLS 
1033 Rice St. 
Bellwood, III. 





Using the 6-inch reflector of the Adler Planetarium in Chicago, Millard F. Wells 


demonstrated his portable observatory there. Photograph by John Babcock. 








You'll find these fully professional features in every Custom DYNASCOPE?®! 


Exquisite optical systems, fully achromatic and corrected to meet the 
most critical research standards e Massive equatorial mounts that provide 
exceptional stability and embody the latest mechanical refinements for 
ease of operation. e« Full sets of matched orthoscopic and achromatic 
eyepieces with wide flat fields sharp to extreme edges. ¢ Needle bearings 
carefully fitted on substantial shafts to assure movements so fine that 
they equal the ease and precision of a fine watch. ¢ Lifetime materials 
throughout, for atmospheric resistance and dimensional stability. ¢ Fully 
rotating tubes, with counterpoise to provide perfect balance during rota- 


MASTERPIECES 


2 2 - F e a 
of - Ah Ahn foerfierma Ce: 


All sizes of these superb 
instruments are available for 
unusually prompt delivery 

. including this Deluxe 
10-inch model 


Every Custom DYNASCOPE is designed and built to meet such 
high standards and exacting specifications that it is the overwhelm- 
ing choice of schools, colleges, universities, and many well-known 
professional astronomers. Each of these magnificent instruments 
incorporates features that are years ahead in optical engineering, 
yet based on time-tested principles. Each is painstakingly produced 
and assembled by craftsmen who put careful workmanship before 








tion. © Rotary secondary supports to minimize diffraction. « Exclusive 
Dyna-mesh rack and pinion focus for smoother, more accurate focusing 
action. © Two-way pier tripods (Pat. Pending) in 6-inch and 8-inch 
models. 45-pound pier can be mounted permanently. Portable tripod is 
instantly removable for field trips. « Highly accurate electric drives, 
free from backlash, with fully compensating clutch. * 8x50 coated 
achromatic finderscopes with crosshairs and extra-large 6° fields. * 7”- 
diameter setting circles spoked for easy setting. Graduated with verniers. 
e Super sensitive slow motion flex line control « Adjustable to all latitudes, 


ya 
f 








DYNASCOPES 


in your 
choice of 
6-8-10 
12.5 -I6 
models 


speed. Each is required to pass, flawlessly, a long series of rigid 
performance and operational tests. Nothing is overlooked to make 
sure that these superb telescopes are the finest in their class, regard- 
less of price. Whichever size you select, we guarantee that it must 
measure up to this standard or your purchase price will be refunded 
in full. You can order with absolute confidence...and with the 
exciting expectation of new thrills and experiences ahead. 


CUSTOM DYNASCOPES— PRICE AND DELIVERY SCHEDULE 

















= Colorful 
Ds a New Brochure CONVENIENT TIME PAYMENT PLANS AVAILABLE ON ALL MODELS 
2. Ve SIX-INCH EIGHT-INCH 10-INCH 12.5-INCH oe as 
Send today for STANDARD DELUXE STANDARD DELUXE DELUXE DELUXE MODEL 
this fascinating 
new booklet that $265 $475 $385 $595 $895 $1,265 $4,200 up 
gives you the full Complete Complete Complete Complete Complete Complete 
ES Te : ae ine Shippin Shipping Shipping Shipping Shipping Shipping Equipped 
specifications on all Custom Dyna- | Weight” Weight Weight Weight Weight Weight To Your 
scopes, plus helpful information to 80 Ibs. 150 Ibs. 145 Ibs. 185 Ibs. 245 Ibs 300 Ibs. Specifications 
guide you in the selection of your 21 Day Delivery 21 Day Delivery 30 Day Delivery 30 Day Delivery 























next telescope. A postcard will 
bring your copy FREE! 


Copyright 1960 Criterion Mfg. Co. 


CRITERION MANUFACTURING CO. 


Standard Six and Eight Inch Models Do Not Include Electric Clock Drive, Setting Circles, Slow Motion Control Or Pier 
All Telescopes Are Shipped F.0.B. Hartford, Connecticut « 


No Additional Charge For Packing and Crating 
® TM Registered U.S. Pat. Office 


Manufacturers of Quality Optical Instruments 


DEPT. D-39, 331 CHURCH ST., HARTFORD I, CONN. 
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3-inch 
Astronomical 
Reflector 


60 to 180 Power 
An Unusual Buy! 





Assembled ready t se! See Satur rings, the 
planet Mars, huge craters on the on, star clusters 
moons of Jupiter, double stars, nebulae, and galaxies! 
Equatorial-type mounting with locks on both axes 
Aluminized and over-coated 3”-di 10 primar 
mirror, ventilated cell ipped wit] 
1 60x eyepiece and a mounted Barlow lens, giviag you 
A finder telescope, always so essen 
hardwood, portable tripod 
FREE with Scope: Valuable STAR 

CHART plus 272-page ‘‘HANDBOOK 

OF THE HEAVENS” plus the book 

“HOW TO USE YOUR TELESCOPE.” 


# 85,050-Y..... ..$29.95 ppd. 





ameter ft 
Telescope comes eq 


0 to 180 power 


ded Sturd 


Stock 


OFFSPRING OF SCIENCE . . . REALLY BEAUTIFUL! 
CIRCULAR DIFFRACTION- 
GRATING JEWELRY 


A Dazzling Rainbow of Color! 


Shimmering rainbows f gemlike 
jewelry of exquisite beauty 

made with CIRCULAR DII 
FRACTION-GRATING REPLICA 
light into its full range 
diffraction grating 
irrent fashion 


color in 





Just as a prism breaks up 
of individual colors, so does the 


Promises to become a rage in <« 


Stock 230,349-Y. Earrings (clip style) $2.75 ppd. 
Stock #30,350-Y. .Cuff Links $2.75 ppd 
Stock #30,372-Y. .Pendant . $2.75 ppd. 
Stock #30,373-Y. .2 pins. .$2.75 ppd. 
Stock #30,390-Y..Tie Clasp $2.75 ppd. 


All prices include tax 


STANDARD 4-mm. ORTHOSCOPIC EYEPIECE 


These are best for extremely high 
magnification (300 power with a 
8”-f.1. objective) You get a 
wide, flat field almost 3 times 
as much field as a Ramsden of 
the same power excellent col 
correction and definition. Preci 

sion made of brass, chrome plated and black enameled 
Inside is dead-black anodized with anti-glare shield 


Stock #30,364-Y Only $14.50 ppd 


WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner eyepiece, type 3. 
Iwo achromats, focal length & 
mm., eye relief 22 mm. An ex 
tension added, O.D, 11 stand 


ird for most types of telescopes. 
Gov't. cost $26.50 


Stock #5223-Y 





$7.95 ppd 


Rack & Pinion Eyepiece Mounts 


focusing 


Real rack-and-pinion 
with variable asian oll adjust 
ment; tube accommodates stand 


urd 1144” eyepicces and acces 
sory equipment lightweight 
iluminum body casting (not 
cast iron); focusing tube and 
rack of chrome-plated brass 
body finished in black wrinkle 
paint. No. 50,077-Y is for re 
flecting telescopes has focus 
travel of over 2”, and is made 
to fit any diameter or type tub 
ing by attaching through small 
holes in the base Nos 
| 50,103-Y and 50,108-Y are for 
refractors and have focus trav 
of over 4 Will fit our 27%, 
I.D. and our 3%” I.D. alumi 


respective 








num tubes 
For Reflectors 
Stock #50,077-Y. 


.(less diagonal holder) $8.50 ppd. 


Stock 260,049-Y. (diagonal holder only).... 1.00 ppd. 
For Refractors 

Stock #50,103-Y. .(for 27%’ 1.0. tubing)....12.95 ppd. 
Stock #50,108-Y. .(for 37s’ 1.D. tubing) .13.95 ppd. 
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NEW BINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Shots 
Will fit any camera. 


Bring distant objects 
* times nearer with a 35-mm 
camera, 7 x 50 binocular 


1 our NEW BINOCU- 
LAR-TO-CAMERA HOLD 
ER. Ideal for photograph 
ing the constellations, star 


clusters, the moon, as well 

is cloud formations, wild 
ife, vistas Camera and binocular attach easily 
Use any binocular or monocular — any camera, still 
or movie Take color or black-and-white Attractive 
gray crinkle and bright chrome finish, 10” lon Ful 


telephotos included 


itueeen $11.50 ppd. 


directions for making 
Stock 2+70,223-Y.. 





Take Pictures Through 
Your Telescope with the EDMUND 
CAMERA HOLDER for TELESCOPES 


Bracket attaches perma 
nently to your reflecting 
or refracting telescope. 
Removable rod with ad 
bracket holds 
our camera over scope’s 
re ready 


justable 


eyepiece and vou 





to take exciting 

of the moon 

also take terrestrial 
photo shots of 
objects. Opens up new 
fields of picture taking! 


SUN PROJECTION 
SCREEN INCLUDED 





White metal screen is easily at 
tached to holder and placed be 
hind eyepiece Point scope at 
un, move screen to focus 
and you can see sunspots! 


All for the low, 


brackets, 283,” rod 


low price of $9.95 


projection screen, screws, 


brackets black crinkle 


Includes 
ind directions. Aluminum 


painted 


eee ENT <0 's-Hen.cwoensabiesimeeninen $9.95 ppd. 


PRISM STAR DIAGONAL 





For comfortable viewing of 
the stars near the zenith 
or high overhead with re 
fracting telescopes using 
standard size (14%4” O.D.) 
eyepieces, or you can make 


in adapter for substandard 
refractors. Contains an excel 
lent high-quality aluminized 
right-angle prism. The tubes 
ire satin chrome-plated brass. 
Body is black wrinkle cast 
iuluminum Optical path of 
the system is about 314”. 


Stock #+70,077-Y 





$12.00 ppd. 


AMICI-PRISM STAR DIAGONAL 


except contains Amici roof prism in 
right-angle prism Thus your image 
bottom, making it excellent tor 


Same as above 
stead of usual 
is correct as to top 
terrestrial 


Stock +50,247-Y 


viewings 


$12.00 ppd. 


ASTRO-COMPASS 
AND TRANSIT 


War-surplus ! Astro-Compass 
cost gov't. $75. We have added a 
sighting level to improve versatility. 


alone 


Hundreds of uses in carpentry, brick 
laying, foundation work, grading 
rrigation or drainage Much below 


surveying instru 
do-it-yourselfers 


’ wide. Ad 


cost of ordinary 
ments Ideal for 
10% ~ high, 6” long 





justable leveling platform 2 spirit 
levels for aligning ilso spirit 
level in sighting attachment. A tre 
mendous bargain. 

er, | re $19.95 ppd 





NOW! LENS ERECTOR FOR TERRESTRIAL 
VIEWING WITH YOUR REFLECTOR 


Edmund development adds real convenience 
objects on the earth. Just put the lens 
your eyepiece holder, insert eyepiece, and 
You see everything right side up and 
Made of polished chrome- 
tubing that will fit any 
Tubing is 914” long 
Erecting system 





This new 
to viewing 
erector in 
focus normally. 
correct as to left and right. 
finish brass telescoping 
standard 114” eyepiece holder. 
ind slides 3” into eyepiece holder. 
consists of two coated achromats. 


BUN eos on css ci cvbaccess ses caes $9.95 ppd. 


TELESCOPE ROLL-FILM CAMERA 


uses rolls of 
Picture area 
circle 1-9/16” 


This model 

#127 = film. 

will be a 

in _diameter. 

The advantage of this 

model is the ease of using 

roll film. With each camera 

/ you get a piece of ground 

glass. Before loading film 

in the camera, you focus 

the telescope. Then lock it in this position. For 

positions other than infinity, you can scribe a mark 
on your tube. 


ae” Rn te $29.50 ppd. 


SHEET-FILM CAMERA 


Uses sheet tim 24," x 314,” size. Camera box size is 
ee Cee 


EE vik n eesaeteceenececcadd $39.50 ppd. 


Ideal for Beginners . . . 


biiteunnsianat ASTRONOMY SET! 


Bring the thrills and wonders 
of outer space right into your 
home with this fascinating, 
educational Astronomy Set. 
De Luxe, 37-piece Set in- 
cludes separate film projector 
and action pictures of a trip 
to the moon, from blast-off 
to return. Exciting views of 
the moon, planets, comets, distant galaxies, sun ex- 
plosions. star clusters, other space wonders 

Also star projector and constellation projector (each 
approx. 41)” high). Projectors show many great 
constellations and stars, outline forms of Big Bear 
Sagittarius, Southern Cross and others, for easy iden 
tifcation. 

Also includes 10x 
meniscus, nonachromatic) 
tor viewing the moon. 

Power source, flashlight pointer, and_ instructions 
included. Lower-priced Junior Set with single projec- 
tor also available, but without telescope 


Stock F70,298-7.....De Luxe... ..5cccene $10.00 ppd. 
Stock J270, 258-7... JUNIE. 6... ccs cceess $ 5.00 ppd. 


ASTRONOM: ore 





(single-element lens, 


telescope 
aperture, suitable 


with 1” 


6X FINDER 
TELESCOPE 





focus by 
mount tn and out. Base fits any 


Has crosshairs for exact locating. You 
sliding objective 

diameter tube an important advantage. Has 3 
centering screws for aligning with main telescope. 20- 


mm.-diameter objective. Weighs less than 14 pound. 


WN re NOE son Siececertacee tenons $8.00 ppd. 
STANDARD 1%” EYEPIECE HOLDER 


an cconomical plastic slide 
focus eyepiece holder for 114” O.D. 
eyepicces. Unit includes 3”-long 
chrome-plated tube into which your 
eyepiece fits for focusing. Diagonal 
holder in illustration is extra and 
is not included. 


Here is 


Stock 260,067-Y......... $2.50 ppd. 


EDMUND SCIENTIFIC CoO 





DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 





i ae RY PRIMARY FOCUS 
ROM a i 
RIMARY iS ieee 
TT | 
SINGLE ey | 
ELEMENT Ay ee EYEPIECE 
BARLOW— eas 
WHAT IS A BARLOW? A Barlow lens is a negative 


1 telescope with 
eyepieces, and 
telescope 


ens used to increase the power of 

it resorting to short focal length 
without the need for long, cumbersome 
tubes. Referring to the diagram above, a Barlow 

placed the distance P inside the primary focus 
of the mirror or objective. The Barlow diverges the 
eam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
nay be mounted in the same tube that holds the 
\ making it very easy to achieve the extra 
power of the telescope is not, as 
ou might suppose, due to the extra focal length 
iven the objective by the difference between P and 
Q. It is defined as the original power of the tele 
scope times the quotient of P divided into Q. 





ower. The new 





Beautiful chrome mount. We now have our Barlow 
ns mounted in chrome-plated brass tubing, with 
special spacer rings that enable you easily to vary 
the power by. sliding split rings out one end and 
placing them in other end Comes to you ready to 
ise. Just slide our mounted lens into your 114” I.D. 
tubing, then slide your 114” O.D. eyepieces into our 
hrome-plated tubing. Barlow lens is nonachromatic. 


Stock #30,200-Y...Mounted Barlow lens... .$8.00 ppd. 


UNMOUNTED 3X BARLOW LENS 


es are made for telescopes that have smaller 
diameter eyepieces than the standard 114” size. Mount 
ye between the eyepiece and objective, and _ triple 
our power. Instructions included. Single-element 
lens, focal length —1-5/16”, unmounted. 

Stock 390, 185-7. .....0:932" diam... $3.50 ppd. 
Stock #30,328-Y....0.912” diam........... $2.50 ppd. 


These lens 


3X ADJUSTABLE-DIAMETER 
BARLOW LENS 


For telescopes with eyepieces 
smaller than the standard 144” 
outer-diameter size. Prongs or 
mount can be opened or closed 
to fit tubes from 13/16” to 1” 





outer diameter. Directions for 
using included. 
Stock 730,339-Y...... $5.00 ppd. 


MORE POWER FROM YOUR 
JAPANESE TELESCOPES 
Mounted Barlow for Japanese Telescopes 


By inserting this single-element lens in the eyepiece 


end of your Japanese telescope, and putting your regu 
ir eyepiece in the end of the Barlow tube, you car 
ncrease your telescope’s power up to three times. 


Thus, instead of 60x, you will get 120x or 180x. 
Barlow is mounted in two pieces of telescoping brass 
tubing each 4” long, satin chrome plated on the out 
side. Inner diameter of large tube and outer diameter 
of small tube are 0.965”, the standard size for most 
Japanese telescopes. Measure yours before ordering. 
0.965” is approximately 31/32” or 24.5 mm. 


SURE PrN Wes ciacwepecesacenestnces $6.00 ppd. 


BARGAIN! MOUNTED 
ACHROMATIC BARLOW LENS 


clement, low-reflection-coated, negative achromat 
vhich will increase the power of your telescope over 
times. The short focal length (—1.74”) allows the 
ens to be used close to the primary focus, eliminating 


the need for long cumbersome tubes as in most long- 
tocus Barlow systems. Outside diameter of tube, 114” 
(standard eyepiece size). Your standard eyepieces 
will fit in the other end. Spacers are included to vary 
the power. Complete directions. 


Stack: SU GIG Scie cercicics ctcnsesiee esac $15.00 ppd. 


ORDER BY STOCK NUMBER .. 


BARRINGTON e 


SPACE RINGS 
i FLOATING MOBILE 


New Space Rings kit creates 
beautiful floating mobiles in 
endless variety — graphically 
demonstrates engineering con- 
cepts, math equations utilizing 
rectangular and polar co-ordi- 
nates. Kit consists of 4 perfo- 
rated aluminum rings from 4” 
to 8” diameter, metallic elastic 
7 shimmering colors, 1 large bronze-wire hoop 

special ceiling hanger, and complete directions. Ideal 
hobby for older child or adult. Excellent 








Wears $4.95 ppd. 


EQUATORIAL MOUNT and TRIPOD 
with CLOCK DRIVE 


Heavy-duty mount. Drive operates 

on 110-volt, 60-cycle, a.c. house 

current. Follows motion of stars 

smoothly. 32” tripod legs in- 

cluded. 

Stock +85,081-Y....$76.50 f.o.b. 
Barrington, N. J. 


Same mount as above, without 
clock drive, for 8” or smaller re 
or smaller refractors. 


Stock +85,023-Y..... New Low Price..... $39.50 f.o.b. 
Barrington, N. J. 





Hectors and for 4” 


WAR-SURPLUS! AMERICAN-MADE! 
7 x 50 BINOCULARS 


Big savings! Brand new! Crys- 
tal-clear viewing — 7 power. 
Every optical element is coated. 
An excellent night glass - 

the size recommended for satel 
lite viewing. Individual eye 
focus. Exit pupil 7 mm. Ap 
prox. field at 1,000 yds. is 
376 ft. Carrying case included 
American 7 x 50’s normally cost $195. Our war-sur- 
plus price saves you real money. 


ee) rrr rr ie Only $55.00 ppd. 
(Tax included 





THE STARFINDER 
12” CELESTIAL GLOBE 


This beautiful new celestial 
globe brings the heavens be- 
fore your eyes! The satellite- 
type mounting provides new 
ease in adjustment to place 
the stars on the globe in po- 
sitions relating to the heavens 
at any given place and time. 


Stock +70,279-Y. .$19.95 ppd. 





Mounted Ramsden Eyepieces 


Standard 11/4’ Diameter E 


Our economy model, standard- 
size (14%4” O.D.) eyepiece. We 
mounted two excellent quality 
plano-convex lenses in _ black 


anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
ou get with these will surprise 

1. Directions for using short focal length eyepieces 








are included with both the 44” and 14” models. 
Stock +30,204-Y..... Y%"" focal length..... $4.75 ppd. 
Stock #30,203-Y.....1/2’' focal length..... $4.50 ppd. 


“MAKE-YOUR-OWN” 414” MIRROR KIT 


The same fine mirror as used in our telescopes, 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 


Steeh: Fa GIA. a go ccsiccccccuctsecee see $16.25 ppd. 


SEND CHECK OR MONEY ORDER 


STAR AND SPACE MAPS 

Three giant maps: 1. THE SOLAR SYSTEM, 50” x 
38”, showing solar statistics; detailed moon map; 12 
telephoto pictures of moon, sun, planets. 2. WORLD 
STAR CHART, 50” x 38”; locates stars for any time 

of year, any position on ‘ca 3. MAP OF THI 


SOLAR SYSTEM, 35” x 48”; shows planets, zodiac 

and so on, 

Stock $9245-Y....Set of 3 maps..... -$1.00 ppd. 
8” SETTING-CIRCLE SET 

Stock +50,133-Y..Complete set .......... $3.00 ppd. 


Stock +60,078-Y. .360° declination circle only $1.60 ppd. 
Stock +60,079-Y. .24-hour right-ascension circle only 


$1.60 ppd. 
534” SETTING-CIRCLE SET 
Stock #50,190-Y..Complete set........... $2.50 ppd. 


Stock +60,080-Y . .360° declination circle only $1.35 ppd. 


Stock +60,081-Y. .24-hour right-ascension circle only 
$1.35 ppd 


LARGE ERFLE EYEPIECE 112” F.L. 
War-Surplus Bargain — Gov't. Cost Approx. $100 


Large telescopes should have one 
of these for low-power viewing. 
Apparent field of view 65 Also 
use with the 24”-focal- length Aerial 
Camera lens to make a 16-power 
wide-field telescope or a 27-power 
scope with one of the 40”-focal- 
length Aerial Camera lenses. Low- 
reflection-coated, 5-element lens sys- ‘ 

tem. Field lens of Eastman Kodak's 

are-earth glass for better aberration correction. Has 
diopter scale. Smooth focusing #4” movement. Out 
side diameter of attaching threads, 3” —- 32 threads 


co 


per inch. Clear aperture of eye lens 2”, field lens 
1-25/32”. Weight 314 Ibs. 
Stock #50,091-Y. 0.0.00. ccc cece cece cess $9.95 ppd. 


Attention! For Beginners, Junior 
Astronomy Clubs, Boy and Girl Scouts, 
Camp Groups, School Science Clubs 


MAKE 8-POWER ASTRONOMICAL 
TELESCOPE 
with Low-Cost Beginner's Kit! 


Every boy and girl of today 
dreams of being a part of 
the exploration of outer 
space. That desire makes 
building his own telescope 
a real thrill. Now anyone 
of Cub Scout or Brownie 
age on up can make his 
own astronomical 8-power 
telescope in one evening, 
without tools or machinery. Here is an ideal, attrac 
tive group project for scouts, junior astronomy clubs, 
or similar groups. (See special quantity prices.) Scope 
is powerful enough to show. craters of the moon, 
Jupiter's satellites, and many stars not visible to the 
naked eye. Kit includes objective lens, field lens, eye 
lens, glare stops, kraftboard tubes, cadmium-plated 
ee ferrules, and other parts to build an 18”-long, 
134,”-diameter telescope of 8 power. 





© * 





SURG RIG ING ohn kc cididatsccnsaacors $3.00 ppd. 
SPECIAL QUANTITY PRICES 

SHAG BIG AIN. s oS UNG oecscccacsaes $12.50 ppd. 

Stach: FTG BGG... 10 RS. cc ccscccseccs $22.50 ppd. 





BE SURE TO GET 
FREE CATALOG “Y” 
128 Pages! Over 1000 paeet 


Fantastic variety — rarely before 
have so many lenses, prisms, 
optical instruments, and compo- 
nents been offered from one 
source. Probably the greatest 
assembly of bargains in all 
America. Imported! War Sur- 
plus! Hundreds of other hard- 
to-get optical items. Many sci- 
ence and math learning and 
teaching aids. 

Write for Free Catalog “’Y”. 


mate 


ortics. ont 
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EASY PAYMENT PLAN AVAILABLE! 
DETAILS WITH CATALOG 


SATISFACTION GUARANTEED! 


JERSEY 
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CELESTIAL 


CALENDAR 


Universal time (UT) is used unless otherwise noted. 


R BOOTIS 

OTH the Skalnate Pleso and Norton's 
star atlases indicate the position of the 
famous long-period variable star R Bootis, 
about 14° west of the beautiful double, 
Epsilon Bootis. This variable is scheduled 
to reach maximum light (about magnitude 
August Ist, and should be with- 
binoculars or small firfders 
and the following 


7.2) on 
in reach of 
during all of July 
month. 

The average period is 223.3 days, and 
at minimum the star fades to around 12.3. 
\s with all other long-period variables, 
individual cycles can differ appreciably 
from the mean. Leon Campbell found 
that during the vears 1921 to 1948 R 
Bootis’ peak magnitudes ranged from 6.8 
to 7.5, and that the intervals between 
successive maxima were as much as 233 
or as little as 212 days. 





SKY-GAZERS EXCHANGE 


Classified advertising costs 30 cents a word, including 
address; minimum charge, $4.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no re- 
sponsibility for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, Harvard Observatory, 
Cambridge 38, Mass. 


ALUMINUM TUBING, eyepieces, other telescope 
parts. Peninsula Scientific, 2421 El Camino Real, 
Palo Alto, Calif. 


6” REFRACTOR, 
$500.00. Write for 
Hart, 662 High St., 


with tripod and equatorial head. 
information and photo. Carl 
Santa Cruz, Calif. 


Finest refractor 
” altazimuth 
Melton 
Phone: 


SOUTHWESTERN OBSERVERS: 
telescopes supplied in 2.4”, 3”, and 4 
and equatorial models. Details on request. 
Industries, 1901 Levee St., Dallas 7, Tex. 
RI 8-4769. 


MOUNTED _first-quality 6” telescope 
$350.00 and $450.00. Twenty-four years 
perience. Earl Witherspoon, Sumter, S. C. 


objectives, 
of ex- 


Finest tube available 


FIBERGLASS telescope tubes. 
20942 S. LaSalle, Tor- 


today. Write W. R. Parks, 
rance, Calif. 


CONSIDERING astronomy as a career? Vocational 
and Professional Monographs: Astronomy, by Dr. 
Freeman D. Miller, describes personal qualifications, 
scholastic training, and job opportunities. $1.00 
postpaid. Send to Box B, Sky and Telescope, 49 
Bay State Rd., Cambridge 38, Mass. 


SHOWROOM clearance sale on refractors, reflectors. 


rack-and-pinion focusers, accessories. All items 
brand new, half price. Vernonscope and Co., 
Candor, N. Y 

6” PORTABLE ‘REFRACTOR, f/10, Magnusson 
mount, electric drive, hand drive both axes, circles, 
orthoscopic oculars, Barlow, Optron solar filter. 


Excellent performance guaranteed. Will not ship, 
buyer must call for. $550.00. James D. McBride, 
2145 Oak Hill Ave., Youngstown 7, Ohio. 


TUBING: 18 sizes, 
Ann Arbor, 


1” through 10”. 
Mich. 


ALUMINUM 
Pesco-A, Box 363, 


6” REFLECTOR: Equatorial, parabolic, eyepieces, 


finder. New December, 1959. $150.00. Jerry 
Reaugh, 4814 E. 39th, Seattle 5, Wash. 

164-PAGE photographic bargain catalogue, listing 
thousands of photographic bargains. Send 25¢ for 
your copy, credited on first order. Dept. 26-C7, 
Central Camera Co., 230 S$. Wabash Ave., Chicago 
4, Ill. 


FOCUSING DEVICE: Helical rack and pinion. Ex- 
cellent instrument quality. Sold by well-known 
optical firm. Buy direct. $16.90 postpaid. Rukes 


and Son, 2721 E. Foothill Blvd., Pasadena 8, Calif. 





54 Sky anv Tevescope, July, 1960 














t t T | 

a R Booris 
> ab : 
> 
rT) 
N 
Sub a 
2 
XS 

iT 1 i 1 

100 fe) 100 200 


DAYS FROM MAXIMUM 
A light curve by Leon Campbell, based 
on observations by the American As- 
sociation of Variable Star Observers. 


of R Bootis was dis- 
covered at Bonn Observatory, in Germany, 
during wholesale measurements of star 
places for the famous catalogue and atlas 


The variability 


of the northern heavens known as the 
Bonner Durchmusterung. E. Schonfeld 


had recorded it as magnitude 93 on March 
6, 1856, but failed to detect it during 
check observations 25 days later. When 
F. W. Argelander surveyed this field with 
the Bonn meridian circle on May 7, 1858, 
he was surprised to find the star a little 
brighter than magnitude 9.0, and at once 
surmised variability. He confirmed this 
May 19th, when R Bootis had brightened 
to magnitude 8. During the century since, 
this orange-red star has been one of the 
best observed of all long-period variables. 


ALDEBARAN AND THE MOON 

HEN the waning crescent moon 

_rises about three hours before the 
sun on July 19th, it will be very close to 
Aldebaran in the sky. Watchers in the 
eastern part of the United States will see 
this orange Ist-magnitude star disappear 
at the moon’s bright edge, near the north- 
ern tip of the crescent, and afterward 
reappear at the dark limb. 

At Washington, D. C., Aldebaran will 
be occulted from 4:38 to 5:26 a.m. Eastern 
daylight time, the emergence of the star 
being only 30 minutes ahead of sunrise. 
The occultation will be more nearly cen- 
tral and last correspondingly longer in the 
southeastern states, while farther north 
and west it becomes nearly grazing. In 
western Illinois, for example, the star will 
be hidden only from 3:50 to 4:11 a.m. 
Central daylight time, very near the 
moon’s northern edge. 

Farther west, the moon is lower in the 
cast at the time of the occultation. In 
central Texas, the event will begin before 
moonrise; Aldebaran will not be seen 
there until the moon passes from in front 
of it, at 4:10 a.m. Central daylight time. 

On the West Coast, there will be no 
occultation after moonrise, but Aldebaran 
will be close above the moon, the two 





forming a beautiful pair before twilight 
begins, for both visual and photographic 
observations. 

For detailed predictions of the July 
19th occultation, consult the December, 
1959, issue, pages 99 to 106. 


MINOR PLANET PREDICTIONS 

Vesta, 4, comes to opposition on July 
2nd, and will be 6th magnitude at that 
time. It is now in Sagittarius, and should 
be easy to find with binoculars, using the 
chart on page 447 of the May issue. 

Ceres, 1, 7.4. July 5, 22:20.6 —22-55; 


15, 22:18.1 —23-59; 25, 22:13.1 —25-09. 
August 4, 22:06.2 —26-20; 14, 21:58.0 

27-25; 24, 21:49.2 —28-17. September 
3, 21:40.9 —28-52: 13, 21:34.0 —29-08; 23, 


9 1 220.1 
19th. 


—29-06. Opposition on August 


Massalia, 20, 10.2. July 15, 21:35.7 
—13-14; 25, 21:28.4 13-49. August 4, 
21:19.5 —14-31; 14, 21:09.9 —15-15; 24, 


21:00.7. —15-57. September 3, 20:52.9 
— 16-32. Opposition on August 8th. 


After the asteroid’s name are its number and the 
approximate visual magnitude expected at opposition. 
At 10-day intervals are given its right ascension and 
declination (1950.0) for 0 Universal time. In each 
case the motion of the asteroid is retrograde. Data 
are supplied by the IAU Minor Planet Center at the 
University of Cincinnati Observatory. 


JULY METEORS 

The peak of the Delta Aquarid shower 
comes on July 29th this vear, but some of 
these meteors can be seen up to 10 days 
earlier or later. Since the moon will then 
be two days after first quarter, it will not 
interfere with morning observations. 
Shortly before dawn, a single observer 
may count as many as 20 meteors per 
hour, if sky conditions are good. At 
the time of maximum, the radiant is lo- 
cated just west of Delta Aquarii, and 
moving about a degree eastward each 
day. W. H. G. 
MINIMA OF ALGOL 

July 1,.10:445.4; 7:32;-7, 4:21; 10, 
12, 21:58; 15, 18:47; 18; 15:36; 21, 
24, 9:13; 27, 6:01; 30; 2:50: 

August 1, 23:28; 4, 20:27; 7, 17:16. 
These minima predictions for Algol are based on 
the formula in the 1953 International Supplement of 
the Krakow Observatory. The times given are geo- 


centric; they can be compared directly with observed 
times of the star’s least brightness. 


1:10; 


12:24: 








| 
RADIO-NOISE MAPS | 
| 
| 
| 
| 


| for Radio Astronomers and 

| Communications Engineers 

| This set of radio-noise maps, in planisphere 
form, covers the entire sky. Pairs of trans- 
parent overlays represent the northern and 
southern radio sky as it would appear to an 
observer with an antenna of half-power beam- | 
width 2° at 600 megacycles per second, and | 

|| 10° at 200 megacycles. The distribution of | 

—_ noise at other frequencies can be readi- 


determined. Horizon-co-ordinate grids are 
| A ided for selected latitudes. 
The set, $2.00 plus parcel post (4 Ibs. to | 


vour zone). | 
Order directly from and make checks 
| payable to 
HARVARD COLLEGE | 
| OBSERVATORY | 
| Cambridge 38, Massachusetts 
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THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 

The moon’s symbols give its phase roughly, with the date marked alongside. 

Each planet is located for the middle of the month or for other dates shown. 
All positions are for 0" Universal time on the respective dates. 


Mercury passes through inferior con- 
junction with the sun on July 17th. The 
solar glare will hide the planet until the 
end of the month, when Mercury may be 
glimpsed low in the east before sunrise. 
On the 31st it will rise about 14 hours 
ahead of the sun. 

Venus is in the evening sky this month, 
but too near the sun to be well seen. 

Mars rises just after midnight, local 
time, in mid-July, and can be observed in 
the early morning hours. It is in Aries, 
and of magnitude +0.9. The disk, how- 
ever, is still quite small, 6”.3 in apparent 
diameter on the 15th. The moon will pass 
3° south of Mars on the 17th. 

Jupiter crosses the meridian about 23 
hours after sunset in midmonth, and is a 
brilliant object of magnitude —2.1 near 
the Ophiuchus-Sagittarius border. It can 
be seen low in the southwestern sky 
until early morning. In a telescope the 
planet’s flattened disk is 45”.6 in equa- 
torial diameter, 42”.6 in polar. ‘he chart 
at the right shows positions of the four 
bright satellites, which readily 
served in small instruments. —The moon 
will pass 5° north of Jupiter on the morn- 
ing of July 7th. 

Saturn comes to opposition July 
7th, 839 million miles from the earth. It 
then rises about sunset and is visible 
the southern sky all night. At this time 
the disk’s polar diameter will be 167.5, 
and the rings 41”.5 across. The moon will 
north of Saturn at midday on 

Saturn’s brightest satellite, 8th- 


are ob- 


on 


pass 4° 
July 8th. 


UNIVERSAL TIME (UT) 
Greenwich 
noted. This 


times 


Celestial Calendar are 
unless otherwise 
midnight to midnight; 


used in 
Universal time, 
from 


TIMES 
civil or 
is 24-hour time, 


greater than 12:00 are p.m. Subtract the following 
hours to convert to Hig oy times *, the United 
States: EST, 5; CST, 6; MST, 7; PST, To obtain 
daylight saving time es 4 as or 7 hours, 


If necessary, add 24 hours to the UT 
before subtracting, in which case the result is your 
standard time on the day preceding the Greenwich 
date shown. For example, 6:15 UT on the 15th of 
the month corresponds to 1:15 a.m. EST on the 
15th, and to 10:15 p.m. PST on the 14th. 


respectively. 


magnitude Titan, will be 3’ west of Sat- 
urn on July Ist and 17th, and 3’ east on 


the 9th and 25th. Its 16-day orbital 
motion is interesting to follow in small 
telescopes. 


Uranus is an evening object in Leo, but 
the sun will interfere with viewing this 
6th-magnitude planet. 

Neptune reaches eastern quadrature on 
the 29th, and is past the meridian at sun- 
set. Now moving slowly near the 
Libra-Virgo border, on June 15th this 
8th-magnitude planet is at right ascension 

14° 18", 0, declination —11° 56’ (1950 co- 
ordinates). A fair-sized telescope is needed 
to show its small disk. W.HLG. 


very 


VARIABLE STAR MAXIMA 
July 2, RR Sagittarii, 194929, 6.8 
Virginis, 122001, 6.8; 15, Omicron Ceti, 
021403, 3.4; 16, R Pegasi, 230110, 7.8; 
24, X Ophiuchi, 183308, 6.8; 26, R Caeli, 


; 9, SS 


043738, 7.9; 31, RU Herculis, 160625, 8.0. 
August 1, R Bootis, 143227, 7.2; 6, R 
Draconis, 163266, 7.6; 8, R Normae 


152849, 7.2. 

These Si of variable star maxima are by 
the AAVSO. Only stars are included brighter than 
magnitude 8.0 at an average maximum. Some, but 
not all of them, are nearly as bright as maximum 
two or three weeks before and after the dates for 
their maxima. The data given include, in order, the 
day of the month near which the maximum should 
occur, the star name, the star designation number, 
which gives the rough right ascension (first four fig- 
ures) and declination (bold face if southern), and 
the predicted visual magnitude. 


Sky and Telescope Binders 


A dark blue fabrikoid binder priced at $3.50 
each, postpaid in the United States; $4.00 in 
Canada. Two sizes: Binder C is for volumes | 

| up to XVIII; Binder D is for volume XIX _ | 
and after. When ordering, please specify the | 
volume number binder | 
be used. | 

Your name can be gold-stamped for 75¢ 
extra, the volume number for 50¢, both for 
$1.20; print desired lettering clearly. Payment 
must accompany order. (Sorry, but no foreign 
orders accepted.) 


for which the is to 


Sky Publishing Corporation 
Harvard Observatory, Cambridge 38, Mass. 
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MOON PHASES AND DISTANCE 


First quarter July 2, 3:49 


Full moon July 8, 19:37 
Last quarter July 15, 15:43 
New moon July 23, 18:31 
First quarter July 31, 12:39 


Full moon August 7, 2:41 

July Distance Diameter 
Perigee 8, 11" 221,900 mi. 33’ 27” 
Apogee 21, 14" 252,500 mi. 29 24” 


August 


Perigee 5, 20" BB 


13” 


223,500 mi. 3 


JUPITER’S SATELLITES 


The curves in the accompanying chart show the 
positions of Jupiter's four bright moons, as seen in 
an inverting ogg: 7 with north at the bottom and 
east at the right. Each horizontal line is for 0® Uni- 
versal time on the date specified, and the intersections 
of the line with the curves indicate the places of the 
satellites at that time. For other Universal times, 
interpolate between the 0" lines. The double vertical 
lines represent the planet’s disk. 

The lower section is intended 
of the eclipses of Jupiter’s moons; 
disappearance of the satellite in Jupiter’s shadow, 
r is the point of reappearance. The chart is from 
The American Ephemeris and Nautical Almanac; for 


to aid observations 
d is the point of 


further explanation, see page 446 of Sky snp TELE- 
scope for May, 1960. 
JupiTer’s SATELLITES IN JULY 
UNIVERSAL TIME 
West East West East 
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* 
x SERIES 


THE DIFFERENCE 
BETWEEN THE BEST 
AND THE OTHERS 
IS SMALL 


GALAXY 6” —$ 775.00 
GALAXY 8” —$ 895.00 
GALAXY 10” —$1295.00 
GALAXY 12.5”—$1495.00 


OUR EXTENDED 
PAYMENT PLAN IS 
OFFERED TO ALL 

TAKE MONTHS TO PAY 
6—12— 18-24 
IF DESIRED... 


G TRECKERSCOPE 
Now, as in the past, Coast Instrument’s high quality is the standard of 
comparison! The American telescope company that provides 1/20th-wave 
optics for amateurs and professionals alike again is way out in front with 
the GALAXY. No other telescope manufacturer today offers as many out- 
standing features. These superb instruments are guaranteed to resolve to, 
or surpass, Dawes’ limit on nights of good seeing. The GALAXY optics are 
hand-figured and, therefore, our instruments are able to produce results far 
better than expectations. All of the GALAXY telescopes include these 
outstanding features rock-steady equatorial mount; quickly detachable legs 
for easy portability (only 70 seconds to assemble or disassemble entire scope 
for field trips); hydro-smooth rotating tube with built-in ocular rack; remote- 
assistance light; Opti-Set finderscope (only requires 3’° movement of head 
from finder to eyepiece, which is directly in line); Hydro-Glide (ultrasmooth, 
no backlash) focusing device; fiberglass tube; your choice of any three of 
the finest-quality oculars (Ortho-Stars), 7 mm. 10 mm. 16 mm. 20 
mm. 27 mm., or any two oculars and a Coast Achromatic Barlow 
Lens; synchro-smooth clock drive with manual flex-line control for precise 
tracking when no 110-volt power is available; wheels for ease in moving 
from location to storage area (wheels snap out for viewing). Leveling screws 








are provided for any minor difference in ground level. All in all your 
dollar cannot purchase better viewing. All of our instruments are American WRITE FOR OUR LAB 
de, and you are protected by our 20-year unconditional arantee. SPECIFICATION SHEET. 
made, and you are f y y iti gu GALAXY 6 INCH 
MIRRORS, PARABOLIC, GUARANTEED UP TO 1/20TH WAVE OR BETTER TELESCOPE 
FROM COAST'S OWN OPTICAL SHOP, ALUMINIZED AND QUARTZ OVERCOATED | OPERATING MANUAL : =HELAJUST FOCUSING MOUNT 


by Raymond Dudley 





ss 6” 8” 10” 122" : . a niles 1 Now at a new low price, but un- 

£/10 /8 £/7.50rf/6 £/7.50rf/6 _ £/7.5 or £/6 ice Gee | excelled in construction. Both push- 

1/20th WAVE $82.50 $115.00 $255.00 $362.50 : including setting ; a ae ee 
1/10th WAVE $62.50 $95.00 $195.00 $282.50 : circles, sidereal ivoutina Geauiielie Manne ae 
: ; time alignment ori- : ocusing. eautifully Finis e in 

1/8th WAVE $47.50 |. antRHAn SHOW hOW. black crackle and_ satin chrome, 
REFIGURING, NO CHANGE IN YOUR OWN FOCAL LENGTH : to find 52 most eS Se poco ad 

1/20th WAVE $47.50 $65.00 $110.00 $175.00 | een to fit all sizes of tubes without 
1/10th WAVE $37.50 $55.00 $80.00 $125.00 | rae nen eamcerqees modification. lies, siogle-vane-epider 
ALL PRICES ABOVE INCLUDE MATCHING ELLIPTICAL DIAGONALS AND ALUMINIZING WITH : instructions. 44 peer gel yn . 2 FS 
: : J g diagonal. Guaran 

QUARTZ OVERCOATING. i pages of informs teed far superior to any other low- 
TREAT YOURSELF TO THE FINEST Words alone cannot express the superb quality of os every amateur priced focusing mount, or money 
COAST mirrors they will positively amaze you with their ‘‘out-of-this-world’’ resolving needs. back. (Takes 114 eyepieces.) $9.95 





$1.00 postpaid 


power. This we guarantee you! Dawes’ limit so easily! 


ORTHO-STAR OCULARS 


DUST SEALED — ALL COATED 
BEAUTIFUL FINISH 


Guaranteed to be the finest you ever used— 
or return for full refund! Outstanding fea- 
tures: wide flat field, sharp to the very edge; 
extra-long eye relief; parfocalized for easy 
change of power; sealed-in optics, never need 





TRECKER-PATHFINDER $89.50 


EQUATORIAL MOUNT | _— complete 
This mount will accommodate 4-inch to 8-inch telescopes. Specify your 
tube size when ordering. 


Standard 36-inch height — massive 11/2-inch steel shafting, in oil-im- 
pregnated bronze bearings. 





interior cleaning; hard coated, magnesium Thi ‘ ai 
” ( od for ea: 2 a > striki > is amazing EQUATORIAL MOUNT is just what the doctor ordered for 
See fox cate eee ee mounting that Homemade telescope you labored so hard to finish Now 
‘ORTHO STAR ocul s are available in the “following focal Les mn Soo t — er highly = pie gi 
. ulars are availe i i é mount, , for your own telescope as economica as if you 
lengths, giving, for example, the indicated powers when used had built it yourself. This terrific mount is made aioe of aula: 
in conjunction with an 8” f/8 mirror: 27 mm.--61x; 20 mm. all of the moving equatorial parts are polished to work with maximum 
81x; 16 mm.—102x; 10 mm. — 163x; 7 mm.—233x. ease. Legs, head, and counterweight are all removable for easy storing. 


The saddle allows complete rotation of og tube. One of the more 
1 aaa : ; important features in this mount is that the polar axle is extended for 
NOW a 20-MM. ERFLE ORTHO-STAR OCULAR, 66°.7 ease in attaching a clock drive and/or setting circles, which may be 
BPRSTONE TEIN. $29.50 each ppd. added at any time. The TRECKER-PATHFINDER mount also has a beau- 

tiful, chip-resistant finish. Taking all of these unusual features into 


USE OUR EXTENDED PAYMENT PLAN ON ALL SCOPES AND MOUNTS consideration, this is truly one of the best DOLLAR-FOR-DOLLAR values. 


$19.50 each ppd. 








HYDRO-GLIDE 0.0500 Sevice | Te MIRROR , 
iC) CELLS 4-VANE 
Coast Instrument’s own ‘‘Hydro-Glide’’ (type formerly referred : | AT SPIDERS 


to as ‘‘rack and pinion’’). Now you can have WHISPER-SMOOTH 


control with absolutely no high and low spots as geared units : Skeleton type 

have. This has never before been available in any focusing : socio ; 

mount. Standard in appearance, yet utilizing an entirely new : 6” ...... $6.95 10” ..... $17.95 ; 6” ...... 519.50) 10" 64. $14.95 
concept. We guarantee you will be astonished at its unbeliev- : gv” ...... S$10;05. 122" .... S2E08 2 BO ....:. $11.50 12/2” ... $16.95 
able superiority. If this isn’t the absolute ‘‘smoothest,’’ return : : 

> tor Tell ieee $18.50 patent pending wavaseonscedssssstsssdeascbessessssbscesqseueununsasuen bssentsonnatuocsenssesoustenestevidesserire teeta 








ee 4 . : Send for Coast 
(pase Instrument’s Pro- 4! 

: fessional MIRROR (44 
CLEANING KIT. 


A> $2.35 ppd. 


SEND FOR OUR NEW 68-PAGE CATALOG showing many of the other 
telescope items. manufactured or distributed by COAST INSTRUMENT. It 
includes our treatise, ‘“WHAT YOU SHOULD KNOW, LOOK FOR, AND 
DEMAND, BEFORE BUYING ANY TELESCOPE,” an impartial, informative 
article that will give you information you’ve probably been looking for 
to help make up your mind as to just what telescope you should buy! 


TRECKER FINDER 


7x, 50-mm. objective, helical 
focusing, with mounts and 
crosshairs. Same as used on 


TRECKERSCOPES. $18.50 Y 


















All prices, unless otherwise indicated, are at our warehouse in Long Beach, California, from where shipping charges will be added, and are subject to change without notice. 
Nominal crating charge added for all telescopes and mounts. California residents: Add 4% sales tax to all prices. NOW APPOINTING DEALERSHIPS . . . INQUIRIES INVITED. 


TRECKERSCOPES ARE CUSTOM MADE IN AMERICA BY PROFESSIONAL OPTICIANS AND ENGINEERS. 


COAST INSTR UMEN T, INC. 4811 Long Beach Blvd., Long Beach 5, Calif. 


“IN OPTICS SINCE 1933” Phone: (e7-Vait-t[e, 2-3411 or NEvada 6-7683 , 
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STARS FOR JULY 


The sky as seen from latitudes 30 
50 
time, on the 7th and 22nd of July, 1 





to 


north, at 9 p.m. and 8 p.m., local 











spectively; also, at 7 p.m. on August 6th. 
For other dates, add or subtract } hour 
per week. 

In the eastern sky can now be seen 
the large summer triangle, formed by the 








e 


Ist-magnitude stars Vega, Deneb, and Al- 
tair. Hercules and Bootes are nearly 
overhead, with beautiful Corona 

between them. The planet Jupiter is 


prominent east of Antares. 


July, 1960, Sky AnD ‘TeELESCoP! 
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ENGINEERED FOR THE LAST WORD IN BREATHTAKING PERFORMANCE . . . PRICED 
FOR FIRST CHOICE IN VALUE . . . FULLY EQUIPPED WITH MANY EXTRA FEATURES! 


Including . . @ ELECTRIC DRIVE (Patented) 
@ SETTING CIRCLES @ ROTATING TUBE 


A Complete Instrument, No Costly Accessories Needed! 


You'll Marvel At How 
The Superb Optics Of 
This Portable RV-6 


Model RV-6 Complete 
with Dyn-O-Matic Electric Drive 
», and All Features Described Below 


DYNASCOPE — | mm 194°: 


Gives The Same Exquisite Definition hey ee a 
As Far More Expensive Instruments! Shipping Wt. 55 Ibs. 


: - ; : ; Express Charges Collect 

This new addition to the Dynascope line has won immediate recog- No Packing or Crating 
nition from schools, colleges, and professionals, as an outstanding Charges 
achievement in a 6-inch telescope. Although it was only recently in- . 
troduced, our files are already filled with complimentary letters from 
excited amateurs and professionals all over the country. Each one is 
truly amazed at the superior optical performance of this new RV-6 
6-inch Dynascope! Here is large aperture in a quality instrument at 
a price that compares with many 4-inch telescopes. And this low cost 
includes such exclusive extra features as electric drive (patented), setting 
circles, and rotating tube! There are no “extras” to run up your cost! 

The superb optical system resolves difficult objects with definition 
that is absolutely breathtaking. The close tolerance of the precision 
construction assures an accuracy and smoothness of operation once 
associated only with the finest custom models. The heavy-duty mount, 
complete with electric drive, provides the stability so essential for sat- 
isfactory viewing, yet there is easy portability because in a matter of 
minutes the entire telescope can be dismantled into three easy-to-handle 
sections. 

Only Criterion’s engineering ingenuity, coupled with volume pro- 
duction and modern manufacturing methods, makes this handsome 
6-inch model available at such reasonable cost. You can order it 
with complete confidence that it will live up to your expectations in 
every way, for this assurance is guaranteed under our full-refund war- 
ranty. Send your check or money order today. Or use our liberal 
time-payment plan and take months to pay. 


YOU COULD PAY $100 MORE | 
WITHOUT GETTING ALL THESE See 
SUPERIOR FEATURES excep: on Another Dynascope ~® 


money order with coupon below. 
1. EXQUISITE OPTICAL SYSTEM INCLUDES F/8 6-INCH PARABOLIC PYREX 


ra : @ eel 
MIRROR accurate to better than /e wave, zircon-quartz coated, and quaran- F, - @ qe, . 
a 


4 < 
teed to reach all theoretical limits of resolution and definition. Teamed LY { 
with elliptical diagonal, mounted in 4-vane adjustable spider. a a ” 





ENJOY IT NOW FOR 
ONLY $74.95 DOWN 


No need to put off the thrills 
of owning this magnificent in- 
strument! Send your check or 
money order today for only 
$74.95 as full down payment .. . 
pay balance plus small carrying 
charge in your choice of 6, 12, 
or even 24 monthly payments. 
Same unconditional guarantee 
applies, of course. Or order 
today by sending your check or 























2. NEW DYN-O-MATIC ELECTRIC DRIVE with smooth self-acting clutch that 
engages and disengages automatically as you seek different objects. Will 
not interfere when manual operation is desired. Entire drive housed in 
trim aluminum case. Plugs into ordinary household socket. 


3. CHOICE OF ANY 3 EYEPIECES from the following: 65X-18-mm. Achro- 


matic Ramsden; 100X-12.7-mm. Achromatic Ramsden; 150X-9-mm. Achre- 
matic Ramsden; 220X-6-mm. Orthoscopic; 320X-4-mm. Orthoscopic. All are 


Sound too good to be true? 
Then read what these delighted 
DYNASCOPE owners have to say: 





precision-threaded, give sharp images to extreme edges. 


4. SOLID, NEW, EQUATORIAL MOUNT extra-reinforced design to provide 
pillarlike stability. No annoying side play or wobble. 


any latitude. 


“T never dreamed such a bril- 
liant, clear image could be 
had with a telescope costing 
under $200. It is one of these 
rare bargains that you find 


“A friend of mine has a 6- 
inch telescope without electric 
drive, for which he paid over 
$300. He agrees that my 
new DYNASCOPE not only 


“Congratulations on the ex- 
cellence of your workmanship. 
The optics are truly amazing. 
I never expected such won- 
derful performance.”’ 

L.H.N. — Massachusetts 





5. SETTING CIRCLES for both right ascension and declination. Handsomely _— once or twice in a life- ttt «Aah i ber 
° el - x anc -tter-Dul 


engraved and finished in fine aluminum. 8S: — New dusey inscamenk 8 aw Voce 
6. 6 x 30 FINDERSCOPE, ACHROMATIC, COATED, with accurate crosshairs 
and fine focus. Durable cast-aluminum bracket with 6 adjusting screws 

——— i atemeenall a renee — meee ae — amen anit teeneell 


allows positive collimation. 


7. ROTATING TUBE FOR MAXIMUM VERSATILITY AND VIEWING COMFORT. Criterion Manufacturing Co. 


Solid-cast, chrome finish, rings are generous 1’ wide with felt lining. i 
— designed construction, with over-sized knurled adjusting knobs, Dept. STR 12, 331 Church St., Hartford 1, Conn. | 
affords maximum rigidity and allows for quick di bi d tability, _ 
with or without Arg iad ee ee ee [_] Please send me, under your unconditional guarantee, the RV-6 6” Dyna- 
8. STRIKINGLY HANDSOME, WHITE, 50” BAKELITE TUBE with porcelainized | ane. Eh OLN SE onan | 
Buretite Ca, Cree vet Het. Welle are Ve" thick, completely insulated [] | prefer your easy terms! Enclosed $74.95 as down payment with under- 
‘i. : fete. LJ ! . 
ee ee ee standing that | will pay balance (plus small carrying charge) over 6__, 
9. BRASS RACK-AND-PINION EYEPIECE HOLDER has precision-cut rack and 12 24 months (check choice) 
gear for easier, smoother, more positive focusing. Takes standard 11/4’ : —_ 3 
oculars, negative or positive. [-] Send FREE ILLUSTRATED LITERATURE describing the RV-6 6” Dynascope 
10. STRONG, VIBRATION-FREE, ALL-METAL TRIPOD with easily removable and all the telescopes in the Dynascope line. 
legs. Provides sure, steady support, plus lightweight portability. 
PMID cassnys'uceslive castes ph ecucteaschbarvessvenesbensveusvecs een ceacssaaceciyacavantatybasi cea sons Wabaceacuilataentandeelaeed 
CRITERION MANUFACTURING CO. | saceess cccomnnnnnnnnnninnnnnnininnnnn | 
331 Church St., Hartford 1, Conn. eee re 
a a — SS SS SS SS 


Manufacturers of Quality Optical Instruments 
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FOR UNIVERSITIES 
JUNIOR COLLEGES 
HIGH SCHOOLS 





25-FOOT ASTRO-DOME AT UNIVERSITY OF WISCONSIN 


Leading universities and astronomical research centers have found 
that Astro-Domes provide years of continuous and dependable 
service. Astro-Domes exclusive labyrinth seal shutter and design 
and its unique dome drive will give you smooth, quiet operation 
under all weather conditions. Reliable equipment like this is 
needed by the science educators who are training the future 
scientists, engineers, and technicians of the space age. Let 
Astro-Dome supply you with complete information on planning 
an Astro-Observatory for your institution. 





pe gg ASTRO-DOMETTES 
Astro-Domettes have been developed for pina 
high schools and junior colleges. These available 
units are fabricated on an assembly line in 
basis, resulting in high quality yet modest 
cost. Because sections are stamped or pastel 
molded, dome components are uniform and colors 
interchangeable. Astro-Domettes are avail- 
able in sizes of 8, 10 and 12 feet outside 
diameters. In the space age, progressive 
schools will want to include this new aid 
to education in their science department. 

@yatek 





aurnatician’ 


INCORPORATED 


MANUFACTURERS OF ASTRONOMICAL OBSERVATORY DOMES 
1801 BROWNLEE AVE. N. E. CANTON 5, OHIO Phone GL. 6-8361 
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Step up, friend. Sit yourself down at the controls of 
a UNITRON. Feel the sure response of the slow-motion 
controls. Note the extra-smooth handling ease. Observe 


the oversize components, which give UNITRON mount- 
ings strength to spare. 


If it's an altazimuth model, you have micrometric 
adjustments for both altitude and azimuth. In the equa- 
torial models, you'll find the mechanism more sophisti- 
cated — but the operation is even easier. Here, once 
you've pinpointed your target, only the single right- 
ascension control is needed to keep the object centered 
in the field of view. You'll welcome the added conven- 
ience of the new flexible cable extension which brings 
the right-ascension control within easy reach — a 





One 
: big 
reason 


on UNITRON 
® sales 


are 


mounting: 


Equatorial mounting of the 4’” UNIT 


new feature included with all UNITRON equatorials as 
standard equipment. 

Note, too, the precise slow-motion adjustment for 
declination. Scrutinize the precision gears designed to 
deliver generations of velvet-smooth performance. 
Examine the large easy-reading setting circles and 
verniers provided on the 3” and larger models. 

(What you won't see is the instrument's complex of 
inner workings —a blend of the arts of the artillery en- 
gineer and the Swiss watchmaker that gives you an 
instrument whose response will be obedient to the 
slightest touch of your fingers.) 

And — while you're at it — don’t forget to look through 
the refractor. UNITRON’s optical excellence is the other 
big reason UNITRON sales are mounting. 





Sturdy altazimuth mounting 
with slow-motion controls as 
well as rapid motions for 
altitude and azimuth. 


UNT] RON INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. — 204-206 MILK STREET, BOSTON 9, MASS. 


SEE PAGES 44 AND 45 FOR MORE ABOUT UNITRON. 
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